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Abstract of JP 2000188626 (A) 

PROBLEM TO BE SOLVED: To interface data 
reception from an IEEE 1394 serial bus with a 
peripheral unit in a host system, without the need 
for a separate microcontroller. SOLUTION: A 
physical layer 54 that extracts data and a link 
transaction layer controller 200, that interfaces data 
from the physical layer 54 with a host system, are 
provided between an IEEE 1394 serial bus 58 and 
the host system. The host system consists of a 
peripheral unit 21 0 and a host system bus 202. The 
link transaction layer controller 200 is made 
operable so as to emulate a microcontroller function 
and addresses and data are transferred to the 
peripheral unit 210. That is, a remote node can 
access the peripheral unit 21 0 by transmitting the 
address and data information. Furthermore, the 
peripheral unit 21 0 transmits the address and data 
information to the link transaction layer controller 
200, and the controller processes the received 
address and data and transmits them to a remote 
node. 
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[fMctii ] i/yr;v • ^xiw f • ^x^Afiutc 

-X^^Sff LjfcoftamLft:f»#R*iiWB** h * VXr 
AicKSL, Sfc, iOTB^XF • VXfA^6M4§ 
ft L ^^i§f L /cff fg*luf mm s - F CC J: S SffO 
fc&iiu8B2-' y - ^xsci^TSft^ttn-*/^ - x 

->yr^ • ^x^6$MT&ft:&©f^£S{i^£, -r 
-^jtMBiiPix- Ft?<Dg^i©fc4&Btria^yTJi' * ^ 

ra^-^twia^y tji/ • ^tcjSfi-rsj: 5tcaoT 

£6fc, fyiB^XF • ^XirA_bZ)*X F ->^X 20 
GCfi®>f *-XT£fc&CD*X F • ;U • -Y>£ 

:7x-X£{jf;tT^T, fg*X h • ^X • -f>^7x- 
Xt£, ltatB4>&< ife 1 ~?<DUZsX$t(€mW,$tltcT- 

a< i*> l-oous^xirfciatisnsi*, taiB^xF 

*x h • UTi^Ka^T^i^!; • 

[if*JB2 ] if^iiBtgo^yr^ '^x^>^ 
xtcteor, zsVTfo - - Jis**?*— xifi 30 

U>>X $ U >>X 4? SH©— SB* r6W IT t > & is 

VTfo • ->^X • 4>$7 X 0 

[l»*iI3 ] l IBttov y ta* ■ ^X • 

ft:i^x£te«*^x • 4is*v *-xt»«cr>fBttK:# 

fflteffi^nr^r, am-/- Ftef?fB«*^x • 

^ x - x ftMK: Haff » 6 ti ft: ffl f Bffitto u y x * * K 

ir Fuxur^d^^K'lffR^r^^xr'*, aft:, 

ifiB-r- *SMSt*HuiB1»»[<Z) u^* ^tD^-fecoio^ 40 

(DT^^X^^IgllT^i^m^tgr^ofulBf 1 - 

* iSftg ttTFU*3*lS£S* CD jiff T £ J: 5 

ttfP"sjtBrfts->yr^ • ^ • -y>^^^-x 0 

[lt*^4 ] ff*^3IBtgCD^yT^ * ^x • 
^-xtcteOT, MIBffiifccDU^x^©^ ^coiltfti 

ft:L"^X#te:n>:7 ^ >3> • U^X^^^iS 

->y • ^CDttft*SabS=i>^ ^ ^ >3 > 
t(Hfi<Z>ft:»KMli6ti, *tifc«fcG. »Plx- FtefufB 

a>7-f ^^u— ^a>- uyx^o i occr^-fexT 50 
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SCiKJ;^THjia^yTJl' * ^X©lK7"n^A 
^#SJ:5CCC:oriiS^yr^ • • 

] at^nsBKo^yr^ - -y>^ 

5 7 s - # ts j: ^strtB mm%z t c <t -> r sfi $ n 4 ^ 
-^^^-^ • /^^^ hr*Q, K^-* * ^ F» 
Huta^yT^ • ^^x±cD3Mff x- F^MfflB-rsosc^s 

•7 h**fi^*J:5fg)e3hfca«^-F*aiW(ir4« 
i^^ri^v' 1 ; • ^x • jzstty ^-x Q 
[»3KB6 3 ifScJlBfBiSO^yT^ * /^X • -Y>3? 

L^mMmmy- F*&©»#ii*ff*ifcttK*aiL 

g^cD^-^g^^o, ig^^SWBamSti/cf 1 - 
/cMIBafif"- it • ^ h ^lulB^i>% < £ fe 1 OCD U 

^x * cc iett ^ ntc * n l /c ^ - * * ^ r 1 ^ 
la^-^^tuiB^x h • /^xidsitu, Bftttjos^r 

KBOrte^-irKMia^-iriifiS^^aPB^- F 
^OlsScD/c^ltllB^X F • ^XfAA^r ^^XTS 

i^y tvv • ^^x • ^ — x 0 

[»3R)B7] tf^JBeiBiSo^yr^ • ^x • 
^^-x^cfci^r, mMMmy- F*e»©(«iB»#ii* 

^»S?IB4>3&< £fe 1 o©l^^X^tCfB J lltD/cd50r 
F U ^flWR <b f= - if ft ¥ ROnW*^ "C 0 , MIB^ X 
F • -f >^^^-Xt^T F U-X • /^X£f"-^ • /^X* 

Jt^WIB^X h • ^^XtCCn^T FUXff#R£^-^ff 

• ^>^?^^-x 0 

[i»3*3i8] m^memm<D^vTJi • /^x - -y>^ 
^x-xccfci^T, tfriaapix- F*>6©*uiaK*fflL 

T F tulB^X F • -f >^?^^-X 

ti, m&tiHsS^mWfr&tT FUX • ;U£f-i? 

x- F^CDilff O/c^i^f - ^ • ^X&h-T-Z^WL*) 
ur^y TJV • ^^X • ^>^~7 ^-X D 
[S»*ffl9 ] ^yr;l/ • • x- F±© 

^x F ^x-rAMCc:>r>5?^ x^t^fc^ fej: 

o\ apgx- f Biffin y 7 Ji/ • ^x±tcg^n/c 

fK*t?TfB^XF —>X^AtcK3lU, S/c, MIB^X F 
ft n% S:ff ^ ■ottSfi L ft: WW *«riE 
mmy- FKJ:S$©CDft:a&HaE^y 7^ - ^^Xtcfiil 
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i, £fufB®Fix- VCCD&mcofcibmmis 'J T 
)V • /txccjlff fsxf-; -ft, l o©bi^ 

-f*^&> Miasm x -r 9 uttf^oraaft u 

fcf- £ £iwiB4>& < i & i o©ui?x # (ciaw.-r & ± 

■W¥<ohb t 1 '- $ ^buib^ >) r >v ■ ^*x t,cmm~? s J: 5 k 

3 6CC> ffJIB^x F • ^xfA±o*x F 10 

• /Utcll-f >£7 i-X-rSfci£>©*X F • ;« • 

4is%-> *-x&m-thtix\<>-c, ^*x f • /^x • w 
shfcf-f^, s*jx*»fp©ia. m^-zv^mz 
twa^x b • ^xKi^tu mfrmLmftvmr 

1 0 ] Dt3&! 9 IBtS©77?£tCfcC^ r . v y T 
1 >T , jtfrtBiJ>& < £ 1 -o© b i> X £ (iftfl f -ft U i'X £ 

t^©u^x^©^^©jg«nfcu> ; x^«gfi^"x • 
> ? ^ * - x t»fs©iatt(c k ffi ^ tit t, > r . mmm 
/sx • -f >^7^-x«fK{ciwa^w6n/cMiaiiM© 
[si>x$*mmy- Ftct^-cssr kp^l«c* 

6s£ff#RtcTi'-tzX-r£X:ry ^*3 6K$», WsB^ 
fgX-r ? -7"W:fg!Bffii$:©U^x £©5 is© 1 -o^©r ^ 

[it^iai 2] mm%. \ l&Moiimcis^x, tern 

1»i«!©Uv : X^©^^©StfflfcU> ; X^»3>7 ^ ^ 

ai/->3 > • u^x^^^fiS-jn^T, It3>^^^ 

> 2 > • U^X ^{JlafBVJT^ • ^'X©SiifE£ 
^fe^>3>7 -f U-~>3>W$B©/c6biCjBl,>6tl, 
^ftKJ; 0 . mMs- hlilflrfBn>7 ^ U-v-a > 

• Pi>x^© 1 oicr ^-fex-r-£.ciicj;ortJia>"; 
tjI/ • ^x©i^£^tf ^At§S>J;^{c&^T^& 40 

i^ff 7*rSfiSti€»7 t --^fcJ;^|f)tBi3|ffX7 i ^ 7* 
•c3*m ?n5f-^ttf-^ • ^? ft?* 9, ts-r- 

5? • rtTv b&mM->VT)V • ^X±©j*fi^- F£!& 
[1**11 1 4 ] nt&R l 3iHMcD*iS«:*jt»-c. 
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tir*>D, ##jA^gsl<(cMaL/fcS5ilBSM-r-^ • ^ 
Tvb < £ 1 -3© U i>X $ tCfBttS tifc* 

ntcwaLfc-r-^^r^r^r^ striae x h • 
7cc-x(Jc©#^jA*S3R*^L/rH!)fa4>^< £i> 

1 0©bt>X^iClBtt$nifc|frgBT ; --^*fulB^X h • 

^xtcKjML. st^mLS*-c«, SSria^xh • 4->^ 
7 * -X « C©K^Hi L.S**SS»L tSf- $ icMIB 
jiftx-r- > 7'-C©iilW-'- h'^.©lijl©fci6BulB*x h 

[ it&s 1 5 ] itstri 1 4 iaig©^i*ic fc^t, gria 
»Fix- F^e,©Mia»*ii^s*Btfriari>^< t4> 1 

O© Ui^X ^iCiate©fcfe©T F UXfffgi f— 5?tt$R 
©jB577?r^rfc^, MSB^X h • -f>57i-W7 

kux • n*xif-f • ■' s ;x?:f^-oi5ria*:x h • /^xtc 
[ stsfcii 1 6 ] ifjjtii 1 4 tats©* iSic fc^-c, mm 

m.ms~ F^6©iflBK*ffiLS3ft»l«IB^^< it> 1 
•^©U^X^iClBti^ftTt^-ST F UX*$^ti0> 

ffjia^x h-4 , >^7*-x«, i?<&ffit,gjfc&®tt-f 

5i7 FUX • A-Xif-^ • /^X*J#-5HufB*X h • 

^x tc^r f u x^iifs-r s «t 5 twrotB-c* 0 , MSB 

7-*- =fc S mTlB3aPB y - F ^-©3*ff Otc&i&f 

-2 ■ ^X^^-^IR^W-r^iSo 

[|fe0J©f¥ffl^l^] 

[0 0 0 1] 

[^©M-rSSW^BF] *a?SB-«K I E E E 1 3 
9 4 ^-f^O^'lTJl • /^X^e-r-^^r^ltT-SC i 

-Ttc. -e©-r-^^^x h • i>x-rAi*i©M2^-^ h 

[0 0 0 2] 

[^*©Sffi] IEEEI1 «ffi&R£P?ft4-i£j£IRI>/ 

ms*)T>l> ■ ^'X • ^r-XJHSJ*ffl©»fLt41tf*, I 
E E E 1 3 9 4©TT ! l i F"5JLfc <J CO«ga#^- 
F±©#- hi^n6©[^iciS:W6nfc^-x";u^6lS: 
lo©/- Ftt^©4<" F^Jf-^Ci^-c^, c 

titcj: 9 , v tc ~? )v ^ & v 7"ffls.mm& m% k «c 
So c© i^oi>--v ©MHttr-t; f f-> 3 > (® 

^) F ajl/ic^S^c— ^©7^> F • F V ? 7* (f± 

m mmmmc^^xm^stii. ^x • Fmtc 

4. 5X- FJl--C^lt7 2 X- FMC^LT 1 6^-7' 

fox v y^iia-c&So ^— ©/^x±tc-y :j<- f sns 

[0003] /-F^I EEE 1 394VJ TA> • -^X 
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So ^ - y *s * h y y -mm (id) &lh&c j: 
froitowa: s *> cd t fe ng^ u & n . y y - b*wbt & 

[0 0 0 4] 1 3 9 4 ^r- :^Jg*BS# 9 8, 3 0 4 10 
-rftffcf* K 1 9 6. 6 0 h*j<fcCJP3 9 3. 

2 1 6^#tf7 KOli0f-^jiffil:f#-FtS Q 

sf£3iSB^-xii«iur*p6ftTfcD, 

iraKswiriBtt -/ - f b, aa^ ^ y > yew© 

LttHCiCc&S. ^-^BWl^-faS*^^- F 20 
[0 0 0 5] 7 s -* • /^7 FSHtQlffl* *<DV-.X • 

-/-FBaaw#, y FfcjitfF^tf^H 

>^§\ v-^fcJ^JSTSte-/- For F UX, te<fctf 
t*-**^*, F7f£*CTjl£ 0 cco^er^ FW©3Br5fe 
y a -)\< FB, ^ft^ff 7 s - 5 
**«ierSft:», *^-F©y>^JlKJ:^TWffl3 
ft&„ f t -* • ^'^7 F©eaS^IIBtt**d*KB^<^ • 
F^n^-^/UJ:©/- FK:i:^T1N<- F SftS? 5 
— ^feSSiSffiiCCte^Tio 7 s — £ ■ ^^"7 F*sjS6ti 30 

s«ae»K*9ij&rsK:B, a«*y<tc«« ^ fo« 
^■*f-FflLKtf*0"ca< cfte^mfc^^fi^- 

FIWKflaftStiftitt*©^ - FcD«A3US*^fi6*^ft 

7 f ©essfcwflw-a <t 5 s nfc -/ - f cd^t 

tcj:^rif^- F3ft£S«a*fc^tA> 0 

[0 0 0 6] 

[?&W;MBftl/«fc5£T&RB] IEEE 1 394^* 
B, SIStWKB, ^^3^6fWK*»Hir4fc»©«M 
i/^jfr&fflfflLfcf*— F * ^?Atc-Y>$ 40 

it^ 0 fg*X F * S/^fAB, jHffifWKB, *X F ■ 
/UiCPUSfttf. CKDCPUCCB, — JttCC, 
&<D7 s -£#SiBt*3*l&F I FO*6f-$*afflt4 
tt*£^*.6ft& 0 ccd^-^b, cputciormo 

mstifca, asajaa^^7 Fccismsns^, 

HBCPUfCj:**!* CD^IISftff f Cf Uffl S ft S „ CPU 

B4&, w**^yrji' • ^tcaMSci^rsac c 

ftB, 5tfF I FOSCflHR*Kfi3li\ #CK:y>#/F 
7>1f^^a>»6C*^*-^ArF I FO*>6*©»*8 50 
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un> F P - 7 ^^gr* S i I ^ f HB , is$Jl> 
• ^ -Y^ u * > , * UtfSfiS** J: W»l»fO/J>S 
(Defflfcibt I E E E 1 3 9 4/^(DJ»^j&«^3-e 

[0 0 0 7 ] 

«HtCiBttL/ft:*|ft?SB, >"iT;^ F • ^> 

Ffci^tuis^yr^ • ^'x±tcg^ftfcWfB^SrffB>' 

F - ^J^AtelKSU *fc, fulB^X F • ^XfA^ 
6 ft LfctS fg^MIBBFl^ - F tc 
<tS5McDfc»MB->yr^ • ^XCcKSTS/c^CCP 

* F.tcciawetifc^yTJi' - * 
7^-xr*5c g^>^7x-x[t SyfB5tPI^-F 
&c<t0^jS3tifti7 !r -**S9IB^yrJl' * ^x^^Sff 

cDSffcD/ca5|rflB-> ! J TJl' * ^>Ucj2Sfs ^ &tcisb<Df— 

ftri^r, *o^j>a< <hfe i*oB j ecccs®7 s -**tB 
mwtc&mmmms - Ftctor Fu^njffir*a 0 fflr 

127 s — * «MH BR* ffi 0 ttfEQMSff L fc 7 s - * * iff 

iffisi>a < i *> i ^© is * tcian-r a j: 5 »ft njffi-c 

ftO, WE^-^iSMSBWS^ttffOIBI^- 

S 0 *x F * - ^>*y x-X^SvfB^^ F • 
7~A_hcD^^F • ;WcSHg>f ^-x-TSftifetc 
HW6tir(riT, S^^. F * • -Y>*y *-XB, 
frflB^< ife loOU^X*tClB'tt3ft/c7 s -**, 
•#ii*tt^<Dra, BE7 s -5?*sSfi3ni:WIB^>tt< i 
fe 1 oCDUyx*CCIBtS3ftSi SflB^XF • ^^"X 
&c(EjfrS<t5I6f^pItBTft6o tt*^ F • • Y> 

^7x-XBJt R*mOKff^CDra7 i -**|r|IB^X 
[0 0 0 8 ] *SSI8fcf6(D«jS&CJ;nK, isVT)l> - ^ 

iWE^a< ±i> \ ^<o\s%sx^\mmm^v^^m<D 

©IWcl/^X^^Si;^ • -Y>*y cc-Xtf$g<Z) 

*J9frC2b*). Uief*- #i£ff SBT FWX 3 ft 

milBffi®cD *cd 5 fe©atiftfc US^x ^BltrfBv' 
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[0 0 0 9] *arotcsrj(DlHjStcj:titi, t^-^B^- 
So tti?i<Df— $ - rttr v FB, ftfriB^ y • rtX 

&< ife 1 ocDu^x^tciBSsn/c^ntcreao/c^ 

& 0 i»ffll5*<DM, MIB^X h • >f># 
C©K#ttILg3fc*B»u IS^-^tcfflB^-^^ff 20 

[0010] 

[I8*W] H14#IBt5i, IEEE 1 3 94^Ur 

fttt. rflStt«*/i;TJl'-^©ft:»©I EEEIfj 
(IEEE Standard for a High 

— Performance Serial Bus), 
IEEE STD 1 3 94 - 1 9 9 5 &C^fib6ftT*5 30 

0, cn*g[Mtcj:?)afflurcctciB*gccft^Sc 

^-;H0B, C PU 1 2, 1 4, ( I 

/O) 1 6is<fcCJfCPU 1 8**t?feCDi Lr^StlT 
l>&„ CPU 1 2 , y*'jl4 4 (I/O) 16 

feiMPU l 8ll:±Xi/Ar&Pi<DzL~y Fr*S 0 

-Xltl^ 0 flP^-T, h 1 2 — 1 8<D#*B 

r^*y ^^u->j ift^ns^yr^ • ^x2 ztcj 

*-XLX:i>& 0 IEEE 1 3 94S»C^t 40 

ttfp^rs^y • ^2 2(t ^>x^A?fr^y *y 

FL^XpJ^^x>t"^ 7"^ r&SI&ffiy- Ftcj: 

±tc*¥fiELf#S U *&<t-<D^- F|*ffc 1 ojy_t(D^ 
-»^(DlK^:r*Q, *Ctit ^v^-^B, 50 
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JgJJlSar&Sc *— <Dy-F<DT FU^HBloJa 
^»f^^'3>hn-7, y-=&y, cpu^cdH 

>f u# F -y^&y • r^-fcx (dma) F^jr— 

So 

[0 0 1 1 ] Bl*3 6{C#Jirr£i, 

• s/yr^ -^X2 2 4fflc^ya-;H ofSicdio 

FB*ftfcMi*ftf»6ft;fe: r^-Fj 
l>£„ ^y • ^ - K 2 4iWOJ: 56^ - Ft* 
t), — 77<Z)fWTi^^^ • ^VTJV • ;U2 2 

TU£ D ^r-^J!/2 6tt*— <D I/O^- F2 8&C*(D 
fpCD 1 oCDsF- F£/rLT^>£:7^-X Ltt^c I 

/oy- F2 8ttflbcc2ocD3j<- F^urt^r, -eco 
io^-7> • >"J7^ • o*/r^r^y vV> 

• -/-F3 2scssttsnri^ 0 ^y^y-^-F3 2 
B, ^^-;^Sfto^xfA3 4ic^>^7^- 
XLtO^t^'J ?y • F2 4te3HiKL,Tl>£„ 
^fA3 4it 1 0 iHMWtClHl— tfeot 

^fAttoty^ I /O-/- F2 8<Z>H3<D*° 

- K^-^b • UVTfr * 6*/hL/T I /OJ 

— F3 8 CD loCD^ c — F^C-Y>^^^— X 0T*3D, I 
/O^- F 3 8CDftfeCD^- Ftter-^Jl/ * ^UTJl/ * ^ 
x4 o^/rur I/Oy-F4 2K-f>jr^x-X0r 

[0012] — «CC ^-^«»B^04MftiltSR 

*wra*«»*!? b7-^*«ttt4»aw& f#p 

i^-r*S 0 *<D«*«M#fflCD2o<D2»ft*fi«aB*5 

F±oaP- Fsastt-ra. s*-hw-^-^ m 

Hiy- FlfflO^^*«tSi Ltft*. CO 
IWH^*->^ 5 F-TSc c:ntc>ctur, ^ ^^^ 

ocd ^^^*f*^ 6 Jjg S o ^ ^ tc ?& r> T L ft: n * 

^$B^-F3&s^cc r^^^. >r>j r^cD^ojfgtc 

•ra o CCD->X7"AB^rcDy- FCC^X*T1f- FT 
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5 2*5<£CJf TPHYJ £^^Lfc!f5>)III15 4ft^tf 3 
OCDSI)1^6^oTl^ 0 h^>1f^^2 >J15 OB, 

ff*"S:m£i&Jt6S • (SSF^a h3J^Sis55, chug 

?JB 5 2 « h 5 >1f ? ~> 3 >Jg 5 0 tc hSIESt 1 - £ ^ 
7A <g#©ffiffiftflS5— ^©^-rMESil) tf-t*X 

TFU*©Jg5E, f-^fi7?l)J;0r-^0'?l/ 10 
-2>:?ftfT5„ y>^»5 2«*/c, 5 
iypFRWtofca&tcfflc^ns r-y-^^j {^©^ft 

h r (BSffifftT So 1 -5© y > i> JWijltt r -y- ^ • t * 

[0014] mmm s 4 « 3 -o©£k&«ib*m«-$- 

!»„ «BB154B:y>f)15 2{Cj:oTffl(,»6n*IMi 

*fc, i/>)T)i> • ^x&c^-r&e«#H>#:7x--xft 

[0015] cne>3o©)g(cja^.-<: 1 f^sii 
fc 5 »?sft en-r K^&s#wtt wfflw»*> 

jfcRttlf- fx ft jfetWfrr £^B#tt|ffiSv* * ft$ 

x # >xfffl©a$rsrsPift^n$iSHSS/c«ff ^©wa 
ftW-rs*?S©ci-r*s 0 *»?8©aW«E)?fc«&K:. ^ 

iI15 4ttSi^'?7 7 (0^3nTi^t,O icjy 40 

[0 0 16] ^KH3*#flR^S4. WII5 4i'J> 

(D) «8t'^FM|p]f-$-;«6 0^OT 

y >^i5 2^^-sc^iy >^ji5 2^6fejH$n^c 

2o©iW8Jt^ h (CTL) j6*$ lj®^*X 6 2 _LftJ|3jffl)B 

5 4iy>xM5 2©fnifte^§n-So y>x^*(L 

REQ) «S^Kt6 4ft/M-ry >xB5 2 50 
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5 4^013 CCt->XfA-?0»^fi^S 
CLK*SigJSB5 4J&>6y>^J15 2'v.R^3tl > fjH 
JB5 4lic©?a7 ^ft^TnT-So 

[0017] JiTF, # iliSft 9 8. 3 04^#t? 

h/»®fi«r#R-r4. ^-^OUSSTC© I E E E 1 

3 9 4itm , £Zirifc4Zs%y i-xtt l o ox^'tr * h 

2 0 0^f*'t5 F/#*5<fcO*4 o o^tftr? V/ 

#©^-^iiffift-y-d<- h-r-So ^yu->iiiB 

2 5 jttfVv Y/f^XZlb QJiiVv F/#ftthJ<- 
© rb'y hj U-FT*£„ TtftftF^fbX^-AT'©^ 

[0018] III 5 4 »f- X iiPt' y h ftflSifr 

cn6©t*>ftigtir"r-2./cW"c**-5o y>^B«^6 4 
_h©fl;ffl©^3jc f>ft/r l r±x ©g^w^ffiitifttf 

ft. Sff. «fl8teJ:CfS*K^»3nS. ^>X^A • ^ 
n^i'SCLKBftli5 4tcj:or,|gtt3n, S^r, 

4 9. 1 5 2MHz©aer^'J7Jl'A*x • 

-j^V"\y- >3S%tC $>§Ci ftTjVSv* ^ 7* U - > 

CLK2 5A^5^S8W6nr*5t) , r^^j 
•SiiK6 Bft/M/fcWaJHS 4*6©SCLKffl^J%2 
4. 5 7 6MH z©fjttC-r-5»o 
[0 0 19] 7 r -^^2o©^->7T E gftffi313tl-S.i 
# , f-^'A*X60 ©ifl«®^ 3 nfctJSB 5 4 ©^ 
AaSKfSl? 1 0 0 M i3 if v V /&mt ZVvY V 
^©fcJ&, ttf^l 0 0y«'t*9 Ffs^©fc46©^^ 
*r y V • f-ZltD [0 : 1 ]ftffll\ ft#2 0 0i*'t' 
» h*S*-C»D[0 : 3]ftffll\ Sf>4 0 0^^fcf-> h 
teiMrB*>yS©D[0 : 7]*ffll»S. *fgffl©D[n] 

h ftf«^-r a„ PSP^ffili 5 4 4 y > 2 ©H 

tr£ff3*ia£*m,v3*> 4 -y-Y f • •y-i^>^y>^sij 

t*, ^-©m^f 77ft h7^f- h-r-saujc i 
» ^©la^tci^ffl r o j u^tciBftsn*. 

[ 0 0 2 0 ] iixPUfccfc 5 CC. fl*. WB. SSfi*»J:i^ 
§{f 4 1 >5 4 -o©K* W^c ttfp*J > £ 7 * - X -cm C 
*Df#&„ ^XftS5tc^-^(C(J, Ifcli, #jaB5 4rt© 

bspx^tcri'-fex-rsicis, y>^S5 2»5®i^>y 
• x h y-AftS5|tf>6 4 ft/M,r Villas 4tc 
„ %fSjB 54^y>xM52 icnstr^fummm 

ft W L T t * S i # . © fflg 5 4 ft BHte-r S . 

5 4 » -f > £ 7 x - X 363 C ©Kilft tf 5 © iC T -Y 
F^KftS*T?^». fit, $U»«6 2±cct^t: 
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CC, ««W*©*!!0O2try h*D[0 : 1 ]±CC#A 
£ Q y>y»5 2^S^6 4*/hLT^y TJb • 

(tee) ^tf^ 0 «ffli5 4B. ats&wssi, vxf 

-f ^©RBT-f FJl/T&So »J>^I5 2B, tI15 10 

4 3&>6<d ras©j ««*ir->^y >y"LydJL Siffli^y 

ffj s&fWB, »ii5 4B, vyr^ • 8&c 
r^r-y - tflB£B»S£#Blvofe, fffiJSlJ^x 
6 2_tCC rgffi: j ^7t-M^Sf-^ * e>_htc 

T£ 0 *»fflJB5 4Bf s -£ • f>±5caaw-^ 

^IBT&Ci&cioT^y^ F <D* 3?- F £fg^-<r£ 0 

o oy#tr* RcaturB, 9 s -* • tr* FB 20 

TOOxxxxxxj T?S>S 0 Sfc, S#2 0 o^#t? 

> h tenures ro 1 0 0 xx x xj , tt#4 00^^' 
tfur htcsturtt ro 1 0 1 0 0 0 0 j r*4 B cc 

r\ ffl Txj US> ■ — ^a>T?*£ 0 

[0 0 2 1 ] r J>^I5 2BFIFO7 0©^^ 
rfC-f >£y *-XLTl>& 0 FIFO7 0B, M^tti 

T r> h . r#fc**£»SR#ffil//»»&#F I FO 
$lJfflJ:/P ^ y7 lKJc^TlMffllSftSo FIFO70© 
ffi£>ffflB, 3 2b^y h ■ ;Ur$)5*X F • 7 2 K 30 
^>yy ^-y Lt^5„ 

[0 0 2 2 ] ^)CtC|34S#flS-rSi, * F C0#NI*IRB 
iHftcDfci&CDy >^B5 2rcD1f y"T >#t7j*3*l 

rttry h^mSLtcl>y- FtCj^TStff TAR 

»a»5 4ttit%tCtt;St?*, ~r-y-^ o y^ 
F<Di£ft#fTttfrtt£o C(Df-^ • ^'-Jr? FCDj^ff 40 

« % ^gUHJ-^r y-x-y-Fft^- 
y • yy 7 yyff^t (£*tt&BKflp#*$i*) , y 

• y- F*s<£a e SBT5fc-'~ For FU^, F ^>1f 
y^aZ^-Nh h^>1f^^>3 > * V h7^t 

7 s -*, iSEIJEg^* (CRC) teJzartfry 

f**t m<D^~$ • yy? * ^^ft^f-^mffl 

^3tifcjar5fc*s^^?r FoSii^ (Sffffl'J) rtfch 
57^>3 jiff y- F K^-TW^iiBcS-r & WJE 
j£g(ACK) 7^;^F«< 0 cti?><D&4mmv so 
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ftoracc r-ftJEtEg (ACK) KB9j #Ktf6*iTl> 
£ D CfiD1-f5ei6SlffllK(DfiSB«fl UK* y > y^*£tt 
j£(Eg (ACK) <DjS«SCcffi»Lr£C«:*S*K:iSc 

-y-y '7 y ^ a >raBS<fc o b+#&cjs< , #jetss;wa« 

$n^fuCc^y_hcoffecDy- F^T-trF >3>£ 
[ 0 0 2 3 ] ^Ci5 y>yH52#sg 

S*. J^to<tOTIB©*-tf^ • y'y ^f^^ 

f'jffl-ra 0 B*^y ^tM*roy>^jB (y>y 
B*7c) cc<toTi£»»jy>^ji (y>yte§M) 

«)S»Wy>^»K:j:S/^y hcosff^^Tc jS§y & 
>nr^ ^»tBSM y > y etc ± ^^^go^ff^ 
u , KB ^ysf-* ^»s#wi y > y Htc J: s w®c&s 

s**J y > ^ BKiis l> , * c rs*»j y > y g^ft 

[0 0 24] ^5cH6*#flRrS£, ^ff3n^>^ o y^ 
Fo/c^cou^yy • y^T^sftTi^Sc ^sy > f 

Sf*o y y ^ f u ^ F b^ y y c r c ^ ? 
y • /^y^ Fof^cBf^y * y s n^y^M#, |gf — 
y * yn -1 ^M(Df-$ • vis? h&hf& 
t) , »^cd y y F u ^ F Bt*- y c r c y y f u ^ 
FTr*& 0 s^zio^^ Fu^ Fi^cD^^y^ f * 

B, ^7-/7'J • rt*r v F (^^y ^ F) (Drttr*, Fffi 

h> • /^y ^ FW-^-B^^y v f • y f t^f s 
Fy>ify^3 >oai4#sts 0 chBf-* 
• y y y F u ^ Fco<^iA^^^<, -r-y-yn^ycD 

y p ^ #<DR#ttiLK2R * • yy y FUy FfcJ: 

aurira^/c^lHlW^-y • ^°y^ FB^y^y 

[0 0 2 5 ] aStMTSi, **W<DjffjEi|| 

W15 4B'J>^15 2i F*7>tfy->3>JB5 

0(Dj^^tc-r>yy ^-y orfc?3, cnBH2tc^s 
nr^s fl ^^oSfianiffeMtcfci^rB, y>y/F 
y>ify^3>np> Fp-y (l/t^> Fp-y ) 

2 0 0«W6titfcl ISp> FP-y 2 0 0 Bftl 
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■ 54i7FU^2 04, f-$ - ^2 0 6fcJ:c;W 
ffll/U2 0 8*6l$£ — ffitD^X F • ;>X~rA • ^2 
O2i0rar^>^7x^XfSJ;5ltl^T#a o *X 
F • /IX 2 0 1 OCC>f ^^cc-J^S 

FP-^©iM1^#flWtcx a ^ htsc i&c 

tei^vr^ • ^x • 7^-yt5 6cDHt£tD^rr£r 

£<£^Sc, c©3> hn^-72 0 oti, j?iJfflov-Y^n 10 

fc^-yr^ • /U5 8 £J!2S^2 l 0 £ <d rate: iff jg a 
>£:?c*-xr*& 0 

[0 0 2 6] y >#JS5 2 £ F^>1f ^>a>JS5 0<D 
1ltgO^TfCjJD;LT, *X F * ;U2 0 2tc^>^^ x 

hn-72 0 OUT F IxX • ^U^^2 1 4W^t7 

FPX • ;U2 0 4&CT F UX^jUffLfcO , 

• /U2 0 4*67 FUJ**Sfi*r*J:9ttfin?S£ B 

£ • ;U 2 0 6 ^QjSffteJ^T 5 —* • ^X 2 0 6*6 
©Sftasr*, MfflHtfgfc-oi^rtin>Fu-^2 l 8 
&frLfc(Mfft'**2 0 S^CDiMfifci^MfflJ^^ 2 0 8 

*6<DSfi*r^& 0 n> fn-72 o ofttcttrtaju 

t?X3^|ffl2 2 0#*?K 1^**^10 2 2 0 it 

IEEE1212CS RT F F U 

& Q n> F n-^2 0 0tp<Dfoffil<isA2gM2 2 0 [i 
ffeCD^- F<D^^-rAtCj:^-CT^-feXpJtgr, BSC 

T Q Sfc, F^loPF I F02 1 9#Rtf6ftT*5 9, Kft 
g|3F I F02 1 9tt, S*ffJtCB, 7 s - £ * a* 7 7 2 

1 6 iiilbtvxf ao^x nait^y * ^xffljj 

[0027] ttf^ecBSur , > y • ^xicDffecDi* 
Bfftc&scpu (iM^ftr^&iO t*. 

- F K £ CD J: 5 & ttXOStttf & S * ?r^^T 6 ic$b ic 

?£&z<ds- F*M2«g-<Diasr ^^tw-rrasu 

n> FP-^2 0 OT^BBiSft&CiKiar&T FP 
xfffg £ 9 s - * ff $KtDM77 * 6f-^ ftsflt Jft 3 ft £ J: 5 
CCffig£ft£ 0 Cfttt, 7Fl/^iLT«*0t6<)| 

i^ii3na 0 feujUft F*jaai^g2 i otcr^-fe 

Xt^Ci^g^6, ^flT F UXCDT F UX • /^x 

2 0 4^<Dia££gfi t^-^CDt 2 -* • ^X 2 0 6 50 
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tf^-^tMRO^ri^ Fn-^2 0 OKSfTf &/ctt 
~Cj;l> 0 Cfttt, 12^^ h^^>hn-72 0 0(D 

TFUX*^tfBX6ft&£, 3>hP-7200Bfi6 
tCCCDT F UX4*^ FffMor FUX * ;U2 0 4 tc 

^x±&cg< ct%, *x F • ^^^ACDfcabficia^a 
m&m i> * fcttwariiAffi^***-*- a c £ KjnitrtT 

5i^5«SKH*. COCttt, f-^WF I F 
0{CKtt3ft£Ci*£*£U F^>1F^> 
3>i5 0CCj;oTRI»l,fcW ^P33> hn-7^(D 
a^3&s«*r SS£*© F 9 a > £tfc«3 ft 

Oi&#rc»^TffttU F I FO*6»3a««4ffi 
OttiU/cO?l^^<^il5:»fTSC4tC%Sc CftCC 
SffLT, $^>XrA|^ ^XrA-;U2 0 2tc 
MS-^^^-x Lt, n> Fn-72 0 01fiimi& 

[0 0 2 8] EI 7 bCCm3ftTl=»a**IBCD3!l©3l*WI 

tctei^rtt, ^> 2 o o*6cor F • ^x 

2 0 4 CD— BB if 5 - £ • A J* 2 0 6*ffi^3ftTl>& 0 
JT* L/l^J6Wt?tt, 9 s - 3? • 2 0 6 tt 8 e y F • 
7 s —* • T F UX • ;U 2 0 4B1 2t^ F • 

/UtS)5 0 T FUX • 0 4 CD 8 F Lf—Z 

• a'X2 0 6CD^8 tT^ F^f'MT^C4CCj:oT, 1 

6 tr ^ f • 7 s - * • t or <DWct£T- % * 2 

1 1 *3|ilr^So CCD^X* 1 FCDM2S^2 
0 9 CCA* M#r H ir 1 6 fcf v F * 7 s - £<Dtej2f#SpI 

ffifC3tt& 0 cfttt, ^SjSffltcfci^r l 6 tr ^ F • 

tc, PE6ft/c^CDt:>*^ ^^±tcRW6ftriiSil* 
^*HCCH^ 0 jsPS^- F*T Fl^XfcJ:t>^ 

• • /^±Kffl*3ftS^*f»$B*Slr>rCi*<D*ri> 

fp-7 2 o omMM^it^^mmcx^x, 

\tT FUX * ;U2 0 4CD^Tfi7 bf ^ * 
X2 0 ecD^f 1 -* • bT^ F^/Mt 1 6 fcf ^ F ■ 7 s - 
5? • ^2 1 nctejM3ftS<D*t>*S 0 3>Fn-7 

2 0 OBSIBRKBT FUXjg^Kjf^LT^^^L, T 
FUX * ;U2 0 4*f-$ * ^2 0 6_bK^3&s*-S 

tfL6, BPgy- F*n> FU-^2 0 0 cc^fJ^iS 

> F 2 0 OBCCD^-ftoct^T F UXfiffg^ 

ft 6 2^(D^^X&C^CC(teSOTliS7£W , T?&S4li5 C 

tlc&BT&ttiflM&vfo&c aPI^-F*TFux 

• ;U2 0 4*5^^7*—* * ^X2 0 6^CD J fS$R*£ s (D 
J: 5 tc#S*»*|gBH-4C i#*KISt*4 0 KTr 
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^ X jr CC '[f W« SflT * C i ft: W W ^ - F CC 

^> fp-^2 o o^skj 

<D^i$£J$oTl>&<£TC, r3> F P-^2 0 OCCj^ff $ 
n/cftfg^SttWtcr FUX • ;U2 0 4*5±^f s -£ 

[0 0 2 9 ] BOlTa^iJBtSd:, f-iii*XF 

• • ;U2 0 2i^'J7^ * 5 8 icoffl^ 10 

FU-XjlSff :/P cr #2 1 4fcJ:£>f"-^ •^■;7r2 
16tcKjl3n, -C-L/TiSfttCT 5 -* • AX2 0 6*5 J: 
^7 Fl/X -;U2 0 4±tCl^n^ o CtDJ^tC, a 

ci*sr#s B ffiCD^-F (H2(D^rS) scte^TB, 
7 s — *«F*iSBF I F02 1 QttC^C^COmW&tcZb^m 

sn, ^ititiasi2 i okhbss*is. ^ftas 

f-^WXht/d^>XfA*;U2 0 2^ 20 
6§fI3ft, F I F02 1 9tCX FT • T> F * V* «7 

-F (la-K/iM^mb) «5triEtt3*i&. ^r^y 

[0 0 3 0 ] &CCB8*#flfrS£, ^>Fti-720 
aV>^)V - ^^7[i^-yt 2 5 0 iS-fy-^t 2 

UTfcO, BEWfflllWI^P ^ ^ 2 5 4S«-cecf s -5r#s 30 
iS?>flt< S£n>Fn-^20 0&C&fUTi!2 5 6_h 
CCi£fI**fi-*T EVE NTSSSrSJ: 5 W^mttC 

7 -y — Jl> F • 2 5 21*1007"- 3? tCT^^X UTC 

ff3 fa* ^ - F tcilff § nS^^tt^i 5 ^ 
py^Ar*Srta5l^^*2 2 O^jgtf 6ftT^& 0 
[0 0 3 1] &fcH9*#J8«-S£* #2fiW©tetDj£m 

2 6 2KA;frr&iB2 6 0 ±©*^U*A#fi#r* 
& Q A/DS3SS2 6 2«?*1f;* • >f>^^;l/^>^ 
SOjr^^TLC3 2 0AD5 7CTft4„ A/D^?ft 
g2 6 2«a> Fp-^2 0 0 <Z)f*- #A^CD^2 6 
4_Bc,X^rU;f • fcf* F • S^UTJl/ * -X F y-A*|&£ 
T£ 0 SMMftffl^P 9^2 7 0BflWl3&S2> Fp-^2 
o o tciMff $ ft r I * £ tD£ ^ Sfi *itff ^ T E V E N 
T*«2 7 2±K«*-r4©Kffll*6tl4o ^>FP- 
■72 0 0 ilMiil^n y^2 7 0(C^>*7*^0 50 
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Tt^T, f-^CD^iF I F02 1 9W^.<Diatt©fc 
^©^> F P-^2 0 O^Oj^fl £fW@PU ^<Df^C<£> 

[0 0 3 2 ] ^CtCHl 0*#JBTSi, ^>Fu-^2 

^2 o oiM-f-f ^§fgi irfijffljnri^ D ^ 
> F p— ^ 2 o oti^ur;!/ * s^^f^^^a 
^w^ftT^e c cd % u&m u xm^ 3 ft T F I 

F0 2 1 9fCfEtt3ft, $hfcf-*t/T FUXI2 7 
6MD/A (tm S^b/T^PiO S»S2 7 8 

2 7 9±fcttfc*j3ftS. Mflllftffl^P ^2 8 2^^> 
Fn-72 0 0 tc^>^^ x-xts iMcfgtf 6ftr 
l^o x-^/TFU^tffRB^-^Se^ F, 7FU 

XW*8 F^easstiSo 
[0033] ^tcHi i*#jbts£* amass ^-f 

2 8 0^P-^7;l/ • - F 2 8 2 &cfM8*S£BT£J: 5 

P — • F2 8 2«, ±riKL/cn> hn-7 
2 0 0 tmms- F 2 8 0 36>60flH«3WjS6tiS^arJ9 

f 2 8 4 i^fi^rif^3nri^€> 0 jtPi^- 

F 2 8 0 ti^SB 2 8 8 CCtJP^T 'J>^12 8 6 ih7 

2 8 6a, aH^- F2 8 0^^ f i7^ • ^5 8 *M 
^.rp-^^ • F 2 8 2 iilft^foT, ^CCCf" 

sswax^fcorso^pifficcrSo hbh^-F2 8o 

tCtiSfc, P-7^;b • F2 8 2CC*&J9i2a-^ F 
2 8 4 ilft^/c&CPU2 9 0^6ntt^ o 
_hrittWL/ft:<t5CC, CPU 2 9 0tt^5 8_tO?l^ 
CD^- F ■£afi"pJt&-C*£ 0 F2 8 2 iMfiT^tC 
tt, 8_htC^^^aKcO^- F^ffaEOTl^^ 

S$fe-3**P6S:Wtitia6ai^ ccofca&tc, CPU2 9 
0tiP> FP-v2 0 0CDT KU^ffl (cntiftSK 
&CSR12127F UX^nr*?,) WCDHttOl/y 
X^fiMCCT ^^X^6 0 P-*Jl/ • F2 8 2BC 
(07Fl/^Wlt«lS^tltl^^ ffiCD^-F 
fc^tC SR12127F U^2H*Slt*fiSSftt 
l>£ 0 3>ha-5200 rt©#£©7 F U^ffiBKT 
^XT<5£*. CPU2 9 0ttP-^7;l/ • F2 8 
2 _bcDffi(Z)C P UKfr < iSJBBttli. il* 5 J: 0 tttf L 
5, *CDJ:5aS*3&sSi:SnS<i:CPU2 9 0«n> F 
P-^2 0 0<Drt95U'^*5Cii:ffiff < B ^^t'Si, 

hn-72 0 0ttS*3tifcW*R*^yrJl' • ^-X 
5 8tc^fl-rS 0 CPU2 90(W>Fn-72 0 0# 
p-^;V • y — F 2 8 2^c#fiTSCi*|giSITSi, 
CPU 2 9 Otia^rittS^FSttSfilSirKAUL/isJ: 
2>*«*ii^**«*TS 0 CPU2 9 0it FIFO 

3 &a&i^sa< jaa^^-f f 2 8 4 cor f ux^o 
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cpu(omm(DMh&*:mmy-\ : tcm? 0 sett, 

[0 0 3 4] isPS^- FOCPU2 9 0fcn-#;l/ - -/ 

#b*^ f * A^^-y ^-^^amr^^^m-c^ 

ho — mc, IEEE 1 3 94/U-7 , UF :a;H£6 4 

(D6 4tT^ b • T 0 fcT^ KD^>^#^i, 6 

FO^-Ft^i, 2 0 fcT* hcD^-y * T Fl/X 
2 8 t: ^ FCD^"^^^ F^6jS-5c — RC-ot> 

[0 0 3 5] 

mi] 



* 1 



> * 37 


Bus_Node_00000_0000000 
Bus Node FFFFD hH*J"Fh 




Bu5_Node_FFFFE_0000000 
Bus Node FFFFE FFtJ-H** 




Bus Node EFFFF 0000000 
Bus Node FFFFF hb'hbbb'b 



[0036] 6 4b + 7 F • 7FU vlslstf • X^-Affl 30 

a ft w *a a i2*3&s* a c i wis i 2 * 6 s . 

^>1f^^>3>JBrJ> FP-72 0 0 &CjMff^&^gB 
35: 1 ^ ^ • T Fl/Xi 2 8 tr v bco^y^y FfiMB 
(CCD 2 8 hf* FQ*:?^ F«$RBl^U^X£^M 

[0 0 3 7] ;XCC|M 1 3*#M-TSi, 3t^>FO 
-720 0<Dft^l^X£SP^C^l>T<DT Fl"J*^M 40 
(DBM^T^StiXl^. 3>hP- 7 20 0?:IEEE 
12 1 2 C S R7 F 4KB, ASflHR 

g#s*& 0 -en®*., csr7Fux«, fiao- 

5 1 2fCC SR7-tf^^ttCiT4ttS, fiS5 1 

2-102 4^^'j7^ * 'wcwr-sra*, figi o 
2 4 - 2 0 4 StCROM ( y - F • • y*y) fi 

0^4a2 048-4096 fC^S<Z)^> FP-7- 

* h efttcBat- £«CD{±g4 0 9 6 - 2 50 
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[0 0 3 8 ] 3f-^O0«rtcDy ^ y tMB©£T#s«8&ff 
yewsasiatttsnSo csrt fu-x^rbt-^ 
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TXIN-24,054/TI-24440 PATENT 

EXPRESS MAIL CERT. NO. EL021317434US 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



LINK/TRANSACTION LAYER CONTROLLER WITH INTEGRAL 
MICROCONTROLLER EMULATION 



TECHNICAL FIELD OF THE INVENTION 

The present invention pertains in general to receiving data from a serial bus 
of the IEEE 1394 type and, more particularly, to interfacing that data to a peripheral 
unit in a host system without the requirement for a separate microcontroller. 
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BACKGROUND OF THE INVENTION 

The IEEE has approved a new standard under IEEE 1394 for a high- 
5 performance serial bus cable environment that includes a network of logical nodes 

connected by point-to-point links called physical connections. The physical 
connections consist of a port on each of the nodes and a cable disposed therebetween. 
A node can have multiple ports, which allows a branching multi-hop interconnect. 
The limitations on this topology are set by the requirement for the fixed round-trip 
10 time required for the arbitration protocol The default timing set after a bus reset is 

adequate for 16 cable hops, each of 4.5 meters for a total of 72 meters. The 
maximum number of nodes supported on a single bus is 63. 

Whenever a node is added to or removed from the 1394 serial bus, a bus reset 
15 occurs and forces all nodes to a known state. After a bus reset, the tree identify 

(ID) process translates the general network topology into a tree, where one node is 
designated a root, and all the physical connections are labeled as either a parent, a 
child or as unconnected. The unconnected ports are labeled as "off* and do not 
participate any further. The tree must be acyclic, meaning no loops allowed; 
20 otherwise, the tree ID process will not be completed. 

The 1394 cabfe environment supports multiple data rates of 98.304, 196.608, 
393,216 megabits per second. The lowest speed is known as the base rate, and all 
ports that support a higher data rate must also support the lower data rate. Nodes 
25 capable of data rates greater than the base rate exchange speed information with its 

peers through its attach ports during the speed signaling phase of normal bus 
arbitration. If a peer node is incapable of receiving high-speed data, then data will 
not propagate down that path. Data will only be propagated down paths that 
support the higher data rate. 

30 

During data packet transmission, the source node sends a speed code, format 
and transaction codes, addresses of the source and destination nodes and data in a 
packet form* The destination field in this packet is utilized by each node's link 
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layer to determine if it is the recipient of the transmitted data. The maximum speed 
at which a data packet can be transmitted depends upon the bus topology and the 
data transmission speed supported by the nodes on the bus. To determine the 
optimum speed at which a data packet may be sent, the maximum supported speeds 
5 of the transmitting and receiving nodes, as welt as the maximum speeds of any nodes 

connected between these nodes, must be determined. The optimum speed for data 
transmission is equal to the highest speed which is supported by all the nodes, which 
are required to participate in the transmission of the data packet. 

10 The IEEE 1394 bus typically requires a physical layer for extracting 

information from the bus at a transaction/link layer for interfacing the extracted data 
from the bus to a host system. The host system typically comprises a host bus and a 
CPU. The CPU is generally given the task of extracting information from a FIFO 
in which data from the bus is stored. This data, after being fetched by the CPU, is 

15 then transmitted to the appropriate peripheral unit or utilized in various processing 

operations by the CPU. The CPU can also send information to the serial bus by 
first storing it in the FIFO and then providing instructions to the link/transaction 
layer to retrieve the information from the FIFO and transmit it to the serial bus. 
However, due to the fact that a separate CPU or microcontroller is required, this 

20 makes the IEEE1394 bus less attractive for small applications such as digital 

microphones, stereo receivers and transmitters, etc. 
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SUMMARY OF THE INVENTION 

The present invention disclosed and claimed herein comprises a serial bus 
interface disposed on a local node for interfacing between a serial bus and a host 
system and for receiving information from the serial bus placed thereon by a remote 
node, and transferring this received data to the host system, and receiving 
information from the host system and transferring the received information to the 
serial bus for reception by the remote node. The interface includes a data receiver 
for receiving data generated by the remote node from the serial bus, and a data 
transmitter for transmitting data to the serial bus for receipt at the remote node, A 
plurality of registers are also provided, at least one of the registers addressable by the 
remote node for storage of received data therein. The data receiver is operable to 
store received data in at least one register during a read operation with a transmitter 
operable to transmit data to the serial bus during a Write operation, A host bus 
interface is provided to interface directly with a host bus on the host system, the host 
bus interface operable to transfer data stored in the at least one register to the host 
bus during a Write operation when the data is received and stored in the at least one 
register. It is also operable to retrieve data from the host bus during a Read 
operation. 

In another aspect of the present invention the interface includes a standard 
register space, wherein at least one register occupies a portion of the standard register 
space. Select ones of the plurality of registers are dedicated to storage of standard 
bus information and the remote node can directly access this information. The data 
receiver is operable to recognize a request for access to one of the plurality of registers 
and the data transmitters are then operable to transmit the contents thereof when 
addressed. Select ones of the plurality of registers contain configuration registers for 
storing configuration information therein that define the operation of the serial bus 
interface. This allows the remote node to program the operation of the serial bus 
interface by accessing one of the configuration registers, 
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In a further aspect of the present invention, data is received in data packets and 
transmitted in data packets. These data packets comprise information necessary to 
identify the transmitting node on the serial bus and the content of the data packet in 
addition to information identifying the remote node designated to receive the packet. 
5 Each data reception or data transmission operation is proceeded by a data request, a 

Write request or Read request, respectively, from the remote node, which requests are 
contained in the received data packet. The received data packet associated with a 
Write request contains the data associated therewith, which data is stored in at least 
one register upon receipt thereof. The host interface recognizes Write requests and 
10 then transfers the data stored the at least one register to the host bus. During a Read 

request, the host interface recognizes the Read request and access the data from the 
host for transfer to remote node with data transfer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following description taken in conjunction with 
the accompanying Drawings in which: 

FIGURE 1 illustrates an overall block diagram of a system utilizing the IEEE 
1394 serial bus architecture; 

FIGURE 2 illustrates a simplified block diagram of the various protocol layers 
in the IEEE 1394 bus; 

FIGURE 3 illustrates a more detailed block diagram of the physical and link 
layers which interface with the FIFO; 

FIGURE 4 illustrates an example of an asynchronous transmission over the 
serial bus; 

FIGURE 5 illustrates a diagrammatic view of how the link layer services a 
transaction; 

FIGURE 6 illustrates a primary packet data format; 

FIGURE 7 illustrates a block diagram of the link/transaction layer controller 
with the microcontroller emulator interface; 

FIGURE 7a illustrates an alternate embodiment of the data bus interface to the 
peripheral unit; 

FIGURE 8 illustrates an application of the Jink/transaction layer controller for 
a digital camera; 

FIGURE 9 illustrates a block diagram of an application of the controller for use 
with a stereo audio transmitter; 

FIGURE 10 illustrates a block diagram of an application of the controller for a 
stereo audio receiver; 

FIGURE 11 illustrates a block diagram of a peripheral unit associated with the 
link/transaction layer controller on one side of the serial bus and a CPU interfaced with 
the serial bus on the other side at a remote location for controlling the peripheral unit 
through the link/transaction controller; 
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FIGURE 12 illustrates a diagrammatic view of the 64-bit addressing map for 
the IEEE 1394 bus; 

FIGURE 13 illustrates a register map for the link/transaction layer controller; 

FIGURE 14 illustrates a diagrammatic view of the control register; 
5 FIGURE 15 illustrates a timing diagram for the host CSR access; 

FIGURE 16 illustrates a diagrammatic view of the pin connections for the 
link/transaction layer controller; 

FIGURE 17 illustrates a timing diagram for the operation of receiving a 
quadlet write request; 

10 FIGURE 18 illustrates a timing diagram for the receipt of a quadlet read 

request; 

FIGURE 19 illustrates a timing diagram for the receipt of a quadlet write 
request wherein the asynchronous address decode operation is for memory; 

FIGURE 20 illustrates a timing diagram for the receipt of a quadlet read 
15 request wherein the asynchronous address decode is to the memory; 

FIGURE 21 illustrates a timing diagram for the receipt of a block write 
request; and 

FIGURE 22 illustrates a timing diagram for the receipt of a block read request. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIGURE 1, there is illustrated a block diagram of a system 
5 utilizing the serial bus architecture that is defined as the IEEE 1394 serial bus. This 

is defined in the "IEEE Standard for a High- Performance Serial Bus/' IEEE STD 
1394-1995, which is incorporated herein by reference. A module 10 is illustrated, 
which module 10 includes a CPU 12, a memory 14, an input/output (I/O) 16 and a 
CPU 18. The CPU 12, memory 14, I/O 16 and CPU 18 all comprise units within the 

10 system. Each of the units 12-18 interfaces with a parallel bus 20, which is a system 

bus that is indigenous to the module 10. In addition, each of the units 12-18 
interfaces with a serial bus 22 which is referred to as a "backplane." The serial bus 
22 operates in accordance with the IEEE 1394 standard and is also interfaced external 
to the system with a bridge 24. The bridge 24 and the module 10 each comprise 

15 logical nodes on the serial bus. In general, the serial bus architecture is defined in 

terms of logical nodes, the node being an addressable entity. Each of those can be 
independently reset and identified, and more than one node may reside on a single 
module, and more than one unit may reside in a single node. A node is therefore a 
logical addressing concept wherein a module is a physical device which can consist of 

20 more than one node that share a physical interface. The address space of a single 

node can be directly mapped to one or more units. A unit can be a logical entity, such 
as a disk controller, memory, CPU, etc. Within a given unit, there may be multiple 
subunits, which can be accessed through independent control registers or uniquely 
addressed with direct memory access (DMA) command sequences. 

25 

Referring further to FIGURE 1, it can be seen that there are two environments, 
one within the module 10 utilizing the backplane 22, referred to as the "backplane 
environment," and the other being a "cable environment," The nodes interfacing 
with the cable environment have "ports" associated therewith. The bridge node 24 is 
30 such a node which interfaces on one side to the backplane serial bus 22 and on the 

other side to a cable 26 which interfaces to a single I/O node 28 through one port 
therein. The I/O node 28 has two other ports, one of which is connected through a 
cable serial bus 30 to a bridge node 32. The bridge node 32 is similar to the bridge 
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node 24 in that it interfaces with another system 34, this being a module. The system 
node 34 can be substantially identical to the system 10, or any other type of system 
employing a backplane. The third port of the I/O node 28 interfaces through a cable 
serial bus 36 to one port of an I/O node 38, the other port thereof interfaced through a 
cable serial bus 40 to an I/O node 42. 

The cable environment in general is a physical topology that provides a 
noncyclic network with finite branches and extent. The medium consists of two 
conductor pairs for signals and one pair for power and ground that connect ports on 
different nodes. Each port consists of terminators, transceivers, and simple logic. 
The cable and ports act as bus repeaters between the nodes to simulate a single logical 
bus. The backplane environment, by comparison, comprises a multidrop bus. This 
consists of two single-ended conductors running the length of the backplane in the 
module. Connectors distributed along the bus allow nodes to "plug into" the bus. 
This system makes use of wired-OR logic that allows all nodes to assert the bus. 

Referring now to FIGURE 2, there is illustrated a block diagram of the serial 
bus protocol. The serial bus protocol is comprised of three stack layers, a transaction 
layer 50, a link layer 52 and a physical layer 54 labeled "PHY." The transaction 
layer defines a complete response-response protocol to perform the bus transactions 
required to support the CSR architecture (control and status registers). This provides 
operations of read, write and lock. The link layer 52 provides an acknowledge 
datagram (a one-way data transfer with confirmation of request) service to the 
transaction layer 50. It provides addressing, data checking, and data framing for 
packet transmission and reception. The link layer 52 also provides an isochronous 
data transfer service directly to the application, including the generation of a "cycle" 
signal utilized for timing and synchronization. One link layer transfer is called a 
"subaction/' 

The physical layer 54 provides three major functions. It translates the logical 
symbols utilized by the link layer 52 into electrical signals on the different serial bus 
media. It guarantees that only one node at a time is sending data over the bus by 
providing an arbitration service. It also defines the mechanical interfaces for the 
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serial bus. For each environment, there is provided a different physical layer, the 
cable and backplane environments. The cable physical layer also provides a data 
resynch and repeat service and automatic bus initialization. 

In addition to the three layers, there is also provided a serial bus management 
block 56 that provides the basic control functions and standard CSRs needed to control 
nodes or to manage bus resources. This includes a number of components, a bus 
manager component which is only active at a single node that exercises management 
responsibilities over an entire bus, a node controller component, and an isochronous 
resource manager that centralizes the services needed to allocate data with another 
isochronous resource. An isochronous resource is a resource having the 
characteristics of a time-scale or signal that has time intervals between consecutive 
significant instances with either the same duration or durations that are integral 
multiples of the shortest duration. For the purposes of the present invention, the 
physical layer interfacing with the serial bus 58 and the link layer 52 will be interfaced 
with a receive buffer (not shown). 

Referring now to FIGURE 3, there is illustrated a block diagram of the 
interface between the physical layer 54 and the link layer 52. The physical layer 54 
interfaces with the serial bus 58 and is operable to receive data therefrom. Data is 
passed to and from the link layer 52 through an 8-bit bi-directional data bus 60. Two 
control bits are passed between the physical layer 54 and the link layer 52 over a 
control bus 62. A link request is transferred to the physical 54 from the link layer 52 
through a request line 64, but with a system clock signal, SCLK, transferred from the 
physical layer 54 to the link layer 52, the physical layer 54 recovering this clock. 

Hereinafter, data rates are referred to in multiples of 98.304 Mbit/s. The 
interface provided in the IEEE 1394 in the cable environment will support the 
following data rates: 100 Mbit/s, 200 Mbit/s and 400 Mbit/s. The backplane 
environment will support 25 Mbit/s and 50 Mbit/s, These rates are actually "bit" 
rates, independent of the encoding scheme. The actual clock rate in a redundant 
encoding scheme is referred to as a "baud" rate and is independent of the clock rate of 
this interface. 
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The physical layer 54 has control over the bi-directional pins for transferring 
the data and the control bits. The link layer 52 only drives these pins when control is 
transferred to it by the physical layer 54, The link performs all unsolicited activities 
through a dedicated request pin on line 64. The possible actions that may occur on 
the interface are categorized as transmit, receive, status and request. The SCLK is 
driven by the physical layer 54 and is generally synched to the serial bus clock at a rate 
of 49,152 MHz. There is provided a backplane input on the link layer 52 which, if 
set high, indicates that the physical layer is in a backplane environment. Another 
input, a CIk25 input, when set high, forces the SCLK output from the physical layer 54 
on the line 66 to a value of 24.576 MHz. 

When data is carried between the two chips, the width of the data bus 60 
depends on the maximum speed of the connected physical layer 54, two bits for every 
100 Mbit/s. Therefore, packet data for a 100 Mbit/s transmit utilizes D[0:1] ? 200 
Mbit/s transfers utilize D[0:3], and 400 Mbit/s transfers utilize the full D[0:7]. The 
unused D[n] signals are driven low. The control bus 62 always carries two bits. 
Whenever control is transferred between the physical layer 54 and the link layer 52, 
the side surrendering control always drives the control and data pins to a logic "0" 
level for one clocks before tri-stating its output buffers. 

As noted above, there are four basic operations that may occur in the interface: 
request, status, transmit and receive. To request the bus or access a register in the 
physical layer 54, the link layer 52 sends a short serial stream to the physical layer 54 
on the request pin 64. When the physical layer 54 has status information to transfer 
to the link layer 52, it will initiate a status transfer. The physical layer 54 will wait 
until the interface is idle to perform this transfer, and it will initiate the transfer by 
asserting a status bit on the control bus 62. It will also provide at the same time the 
first two bits of status information on D[0:1], When the link requests access to the 
serial bus through the request line 64, the physical layer 54 arbitrates for access to the 
serial bus 58. When it wins the arbitration, it will then grant the bus to the link layer 
52 by asserting "transmit" on the control bus 62 for one cycle of the SCLK. It will 
then be idle for a single cycle. After sampling the "transmit" state from physical 
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layer 54, the link layer 52 will then take over control of the interface by asserting 
either a "hold" or a "transmit" on the control bus 62, During a receive operation, 
whenever the physical layer 54 sees a "data-on" state on the serial bus 58, it initiates a 
receive operation by asserting 'Yeceive" on the control bus 62 and a logic "1" on each 
of the data pins. Physical layer 54 then indicates the start of a packet by placing the 
speed code on the data pins. For 100 Mbit/s, the data bits will be "OOxxxxxx," and 
for 200 Mbit/s, it will be ^lOOxxxx," with 400 Mbit/s being "01010000/' the value 
"x" being a non operation. 

The link layer 52 will interface with a buffer in the form of a FIFO 70, which is 
controlled by a read/write FIFO control block 71 that defines the position of the read 
and write pointers and all accesses in and out of the FIFO. The other side of the 
FIFO 70 is interfaced with the host bus 72, which host bus 72 is a 32-bit bus. 

Referring now to FIGURE 4, there is illustrated a subaction in the link layer 52 
for an asynchronous transmission of a packet. This subaction is in the form of a 
request and a response. There is provided an arbitration sequence which is 
transmitted by a node that wishes to transmit a packet, this being transmitted to the 
physical layer 54 to gain control of the bus 58. The physical layer 54 may then 
respond immediately if it already controls the bus. This is followed by a data packet 
transmission which, for asynchronous subactions, involves the source node sending a 
data prefix signal (including a speed code, if needed), addresses of the source node and 
destination nodes, a transaction code, a transaction label, a retry code, data, one or two 
cyclic redundancy checks (CRCs), and a packet termination (either another data prefix 
or a data end signal). This is all followed by an acknowledgment field wherein a 
uniquely addressed destination returns a code indicating to the transmitting node the 
action taken by the packet receiver. Each of these asynchronous subactions is 
separated by periods of idle bus called "subaction gaps." This gap is disposed 
between the packet transmission and acknowledgment reception. This "ack-gap" is 
of varying lengths depending upon where the receiver is on the bus with respect to the 
senders of the link request and acknowledgment (ack). However, the maximum 
length of the ack-gap is sufficiently shorter than a subaction gap to ensure that other 
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nodes on the bus will not begin arbitration before the acknowledgment has been 
received. 

Referring now to FIGURE 5, there is illustrated a diagrammatic view of the 
manner in which the link layer 52 services a request. As noted above, the link layer 
52 utilizes the request, indication, response and confirmation service primitives. The 
request primitive is utilized by a link requestor to transfer the packet to a link 
responded An indication primitive indicates the reception of a packet by a link 
responder. A response primitive indicates the transmission of an acknowledgment by 
a link responder, and the confirmation primitive indicates the reception of the 
acknowledgment by the link requestor. Once the link request has been made, the 
system goes through an arbitration and packet transmission to the receiving node, 
which then provides a response back in the form of an acknowledgment to the 
requesting link layer, which will then confirm transmission. 

Referring now to FIGURE 6, there is illustrated a register map for a packet that 
is transmitted. The packet is configured with a header that contains a plurality of 
quadlets. Typically, the first quadlet will contain the physical ID and the last quadlet 
will contain the header CRC The header packet is followed by a data block which 
consists of a plurality of data quadlets with the last quadlet being a data CRC quadlet. 
The packet header in the first quadlet thereof contains a transaction code which defines 
the packet type of a primary packet. The transaction packet code specifies the packet 
format and the type of transaction that shall be performed. This could be such things as 
a write request for a data quadlet, a write request for a data block, read requests for 
data quadlets and data blocks, and read responses for data quadlets and data blocks. 
The asynchronous data packet noted above with respect to FIGURE 4 is a primary data 
packet. 

Referring now to FIGURE 7, there is illustrated a block diagram of the 
preferred embodiment of the present invention. As described hereinabove, the 
physical layer 54 is interfaced with both a link layer 52 and a transaction layer 50, this 
being illustrated in FIGURE 2. In the preferred embodiment of the present invention, 
there is provided a link/transaction layer controller 200 which controller 200 is 
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operable to interface between the physical layer and a set of host system buses 202 
comprised of an address 204, a data bus 206 and a control bus 208. The host bus 202 
is operable to interface with a peripheral device 210. The controller 200 is 
configured such that it provides all the functions of the link layer 52, the transaction 
layer 50, and the serial bus 56 of FIGURE 2, in addition to essentially emulating the 
operation of a microcontroller. Therefore, as will be described hereinbeiow, the 
controller 200 can directly interface between the serial bus 58 and the physical device 
200 without the requirement of a separate microprocessor or microcontroller. 

In addition to all of the functionality of the link layer 52 and the transaction 
layer 50, there is provided an interface for interfacing with the host bus 202. The 
controller 200 is operable with the use of an address block 214 to transmit addresses to 
the address bus 204 and to receive from the address bus 204 addresses. Data can be 
transmitted to and from the data bus 206 through a data buffer 216 and control 
information can be transmitted to and from the control bus 208 through a controller 
218. Internal to the controller 200 is an internal register space 220, which will be 
described in more detail hereinbelow and which is operable to define the controller 
200 in a conventional address space such as an IEEE 1212 CSR address space. The 
internal register space 220 is internal to the controller 200 and is accessible by systems 
at other nodes to allow Write and Read requests directly to these registers. An 
internal FIFO 219 is provided, which basically functions in conjunction with the data 
buffer 216 to buffer data transfers between the host side of the system and the serial 
bus side. 

In operation, a CPU (not shown) at another location on the serial bus can 
access the internal registers 220 to determine what type of device resides at this 
particular node. Once it recognizes that this node has the specific architecture that 
allows direct access to the peripheral devices, then data transfer can be affected in 
accordance with the present invention* If information in an internal register within 
the controller is desired by the remote location, the data packet from the transmitting 
device will be arranged such that the data is comprised of both address information 
and data information which will be recognized by the controller 200. This will be 
recognized as not only an address but also a request for a Write or Read operation, 
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which operation can then be performed. If the transmitting node desires to access 
peripheral device 210, it need only transmit sufficient information to the controller 200 
in the form of address and data information to instruct the controller 200 to basically 
transfer the received address to the address bus 204 and then transmit the received data 
to the peripheral device 210 over the data bus 206. This is due to the fact that the 
peripheral unit occupies a specific portion of the address space of the controller 200 
and, when such address is received, the controller will immediately transfer this 
address to the address bus 204 for the host side and simultaneously place the data on 
the host data bus, in addition to generating the appropriate Read or Write commands 
for the host system. This is to be compared with a conventional transaction which 
requires the data to be first stored in a FIFO and then an interrupt generated by the 
transaction layer 50 to an associated microcontroller. The microcontroller will then 
act upon this interrupt and retrieve the appropriate information from the FIFO and 
perform the subsequent processing. The system of the present invention, by 
comparison, directly interfaces with the system bus 202 to enable the controller 200 to 
autonomously receive and transmit both asynchronous and isochronous data. 

In an alternate embodiment of the present invention, illustrated in Figure 7a, a 
portion of the address bus 204 and the data bus 206 from the controller 200 are 
combined. In the preferred embodiment, the data bus 206 is an 8-bit data bus and 
address bus 204 is a 12-bit bus. By utilizing eight bits of the address bus 204 and all 
eight bits of the data bus 206, a new data bus 211 can be realized which is a 16-bit data 
bus. This is input to a 16-bit peripheral unit 209 for allowing 16-bi data to be 
transferred therebetween. This is a unique mode that allows 16-bit data to be 
transferred in certain applications. This is merely due to the fact that a limited 
number of pins are provided on the chip. Additionally, it can be seen lhat the data is 
transferred to the 16-bit data bus 211 via the seven least significant bits of the address 
bus 207 and all of the data bits of the data bus 206 by the fact that the controller 200 
recognizes that the remote node is sending information that is to be output on the 
address and data buses. It is important to note that the controller 200 is not actually 
performing the addressing operation and is making no decisions as to what is on the 
address bus 204 or the data bus 206; rather, it is merely transferring the data and 
address information to these two buses as a result of the remote node sending the 
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information to the controller 200 in a particular manner. It is only important that the 
remote node recognize how to get the information to the address bus 204 and data bus 
206. As will be described in more detail hereinbelow, this merely requires the remote 
node to transmit the information to the specific internal register which will result in the 
controller 200 automatically out putting this information onto the appropriate buses. 
■ Since the remote node has knowledge of the type of device that it is transmitting 
information to, it will be aware of the fact that the information transmitted to the 
controller 200 is automatically transferred directly to the address bus 204 and the data 
bus 206. 

Referring further to FIGURE 7, the data transferred between the host or system 
bus 202 and the serial bus 58 is performed in one of two ways. In the first way, data 
is transferred to an internal register and immediately transferred to the address 
transmit/receive block 214 and data buffer 216 and immediately placed on data bus 
206 and address bus 204. In this manner, a remote node can transfer information 
directly to the system bus 202. In another mode, the data is transferred to the internal 
FIFO 219 for storage therein and later transfer to the peripheral device 210. In a 
transmit operation, the data is received from the host or system bus 202 and stored in 
the FIFO 219 in a store- and-fcrward manner. This will later be transmitted on the 
serial bus. 

Referring now to FIGURE 8, there is illustrated an application of the controller 
200 in a digital camera. The digital camera includes an imager 250 and a field 
memory 252 which interfaces to the imager 250 for receiving data therefrom. The 
camera has associated therewith a control logic block 254 which is operable, upon data 
being transmitted thereto, to generate a transmission event signal TEVENT on a line 
256 to the controller 200. The controller 200, upon receiving this signal, will then 
access data in the field memory 252 to transmit this information directly to the serial 
bus 58 and to a remote location. As noted hereinabove, internal registers 220 are 
provided which can be programmed to determine how this operation will be carried 
out and to which node it may be transmitted. 

Referring now to FIGURE 9, there is illustrated another application of the 
present invention, that for an audio transmitter. The analog input signal is a stereo 
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input signal on lines 260 which is input to an analog/digital converter 262. The A/D 
converter 262 is of the type TLC320AD57C, manufactured by Texas Instruments. 
This will generate a stereo bit-serial stream on a line 264 to the data input of the 
controller 200. Control logic in a block 270 is utilized to generate on a line 272 a 
transmission event signal to indicate that information is being transmitted to the 
controller 200, The controller 200 with then interface with the control logic block 
270 to control the generation of the data and transmission to the controller 200 for 
storage in the FIFO 219 } which controller 200 will then transmit this data to the serial 
bus 58. 

Referring now to FIGURE 10, there is illustrated another application of the 
controller 200, wherein the controller 200 is utilized as an audio receiver. The 
controller 200 will receive data from the serial bus 58 in a continuous manner. This 
data will continually be decoded, stored in the FIFO 219 and transmitted on 
data/address lines 276 to a digital/analog converter 278 for output as an analog stereo 
output signal on lines 279. A control logic block 282 is provided for interfacing with 
the controller 200. The data/address information is transmitted with 8 bits of data 
and 8 bits of address information. 

Referring now to FIGURE 11, there is illustrated a block diagram of a genera] 
application wherein a remote transmitting node 280 is operable to transmit information 
to a local node 282. The local node 282 is configured with the controller 200 
described hereinabove and a peripheral unit 284, to which information is to be 
transmitted from the remote node 280. The remote node 280 has associated therewith 
a link layer 286 and a transaction layer (not shown) in addition to a physical layer 288. 
Therefore, the physical layer 288 and the link layer 286 allow the remote node 280 to 
communicate over the serial bus 58 with the local node 282 and send data packets 
thereto and receive data packets therefrom, A CPU 290 is provided at the remote 
node 280 for communicating with the peripheral unit 284 at the local node 282, As 
described hereinabove, the CPU 290 is operable to communicate with a plurality of 
nodes on the bus 58. To communicate with the node 282, it first must know what 
type of node exists at the local node 282. To do this, it will access a known register 
location in the address space of the controller 200, this being a typical CSR 1212 
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address space. The local node 282 is configured with this address space; however, all 
other nodes are also configured with the CSR 1212 address space. When accessing the 
specific address location in the controller 200, the CPU 290 need not go to another 
CPU on the local node but, rather, goes directly to an internal register to the controller 
200 when such request is made. The controller 200 will then transmit to the serin! 
bus 58 the requested information. Once the CPU 290 recognizes that the controller 
200 exists at the local node 282, it will then generate its Read and Write requests in a 
slightly different manner than normal It will transmit them knowing that it can 
virtually make a direct access to the address space of the peripheral unit 284 without 
having to go through a FIFO, this being described hereinbelow. This in effect 
transfers some of the functionality of a CPU that would normally reside at the local 
node to the remote node. Further, the CPU 290 at the remote node can also transmit 
configuration instructions directly to the internal registers of the controller 200 to 
configure these registers. 

To allow a CPU 290 at the remote node to program the controller 200 at the 
local node, a plurality of configuration registers are mapped into the address space of 
the controller 200, These configuration registers are immediately accessible from the 
host interface. In general, the IEEE 1394 bus protocol uses a 64-bit fixed addressing 
scheme. This 64-bit address consists of a 10-bit bus number, 6-bit node number, 20- 
bit page address and 28-bit offset. There are 3 addressable memory spaces for each 
node. They are memory, private and register space. The addresses for each space 
are set forth in Table J : 



Table 1 



Memory 


Bus Node 00000 0000000 
Bus Node FHMJ FJ-FF1W 


Private 


Bus_Nodc_FFFFE_0000000 
Bus Node FFFFE FFFFFFF 


Register 


BusNodeFFFFFOOOOOOO 
Bus Node FFFFF FFFFFFF 



The address construction for the 64-bit addressing scheme is constructed in accordance 
with the diagram of FIGURE 12. In FIGURE 12, it can be seen that it is necessary to 
send sufficient information to the physical layer for the physical layer to extract the 
information from the serial bus 58, Once stripped, it need not transmit all of this 
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information to the link/transaction controller 200. It need only transmit the page 
address and the 28-bit offset information, this 28-bit offset information defining the 
internal register space. 

5 Referring now to FIGURE 13, there is illustrated a diagrammatic view of the 

address space for the internal register space for a given controller 200. To make the 
controller 200 compliant with the IEEE 1212 CSR address space, it is necessary to 
ensure that certain information is at particular locations within the address space. 
Therefore, the CSR address space will have from locations 0 - 512 information as to 
10 the CSR architecture, from locations 512 - 1024, information regarding the serial bus, 

and from locations 1024 - 2048, Read Only Memory locations, these not necessarily 
being changed, from locations 2048 - 4096, information regarding the particular 
controller unit itself, and the remaining locations 4096 - 256M reserved as unused unit 
space. 

15 

Not all of the memory locations within a given region are required to provide a 
functioning part. Therefore, only the minimal information necessary is stored. For 
example, with respect to the CSR address space architecture, only 4 registers are 
provided, that for the STATE_CLEAR, STATE_SET, NODEJDS and 

20 RESET_START. With respect to the serial bus region, there is only provided 

information regarding CYCLE TIME and BUSY_TIMOUT in two registers. With 
respect to information that would be considered to be Read Only Memory information, 
this is stored in a location entitled MINIMALROM. This generally is the 
information regarding the manufacturer, the part and the type associated with the part. 

25 In the locations associated with the unit space, there are stored such things as versions, 

types of interrupts, types of interrupt masks and various chip access information for 
the physical layer. Additionally, there are also provided a plurality of transmit 
control registers labeled T_CONTROL_REG0-4. These registers will be described 
in more detail hereinbelow. 

30 

Whenever the controller 200 receives a request from the serial bus 58, it 
decodes the entire 64-bit address. If the decoded address constitutes an address in the 
CSR register space, and the lower 12-bits point to an on-chip register, i.e., the registers 
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noted in FIGURE 13 as having information stored therein, then that register is 
accessed from the serial bus 58 + It should be noted that there are a large number of 
locations which are reserved for the CSR 1212 register space which are not occupied. 
The reason for this is that only a minimal set of registers are provided. If, for some 
reason, the instructions or information normally found in the unpopulated portion of 
the address space, i.e., that not included in the controller 2(30, were required to operate 
from the remote node, then external registers at the local node occupying that address 
space would be required. Whenever a Write operation is directed toward an on-chip 
register at the local node controller 200, these Writes are echoed to the host interface if 
an internal echo bit, CSR_WR_ECHO, is set. The host interface address (A[11:0J) is 
simply the 12 LSBs of the 64-bit serial bus address. A special case of accessing the 
on-chip registers is that of accessing the Micro_M_Reg , which will be described 
hereinbelow. If the register space that is decoded in the lower 12-bits point to a 
register not on-chip, then the controller 200 will recognize this and both Writes and 
Reads will performed on the host interface, assuming that the CSR 1212 is 
implemented by the application. It should be understood that the CSR 1212 register 
space is only one standard and that any other register space could be utilized, as long 
as the remote node is aware of the particular standard being utilized by the controller 
200 at any node. The CSR 1212 is utilized in the present application to make the 
parts compliant with a well known standard. 

In general, the type of host accommodated by the chip is defined by external 
hardware pins labeled HTYP, which define the host type. If the host type is set to an 
8-bit master, the system can emulate a microcontroller and interface the host system. 
If the host type is set to only CSR access mode, only the internal CSRs between 
locations 0 - 4096 are accessible. 

There are four fundamental modes of operation for the controller 200. They 

are: 

1. Asynchronous receive; 

2. Asynchronous transmit; 

3. Isochronous transmit; and 

4. Host CSR access. 
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A summary of the transaction types supported and the mapping to the host 
interface transactions is set forth in Table 2, 



Table 2: Transaction Summary 



HTYFE 


Receive* 13*4 Traasartioi 


Host Interface Transaction 


nek 


Trail SHi iO«d 1394 Tra«K*rfi« 


AADEC 


I 0 


Quadlet write request to 
Micro M Reg 
d«t_addr * Nod* id, 
FFFFF, Mki M # Re 5 


cVbit roaster byte write 
A[ll^)1»quadltt data[12;23J 
D{7:Oj - qu»<fl*t_fet»I2ii31 j 


I 
2 
1 


If WrlteJtesp^En is not set, no 

write response. 

If Writc_Rcap_Eri is set. Write 

response on CAZ 

Write response is concatenated if 

Write Reap Cat is act. 


0 


1,2 


Quadlet write request to 
MIcto_M_Rtg 

de»t_addr • Node_td. 
FFFFF.Micro M Res 


Nona 


4 


None 


0 


0 


Quadlct j*ad request to 
Micro M Rt^g 
deat_addr » Nodejd. 
FFFFF.Micro M Re K 


Jvbft master byte read 
A[U:0f= quadlet w data[I2£23] 
response <fuadlet_dalap4:3i] =r D[7:0] 


2 

1 


Read response cm CAT. 

Read response is concatenated if 

R#ad_R*sp_Cat U s«t 


0 


1.2 


OuadJet read request to 
Micro,M Reg 
deat_add> ^ Nodejd. 
FFFFF.Miaro M Ree 


None 


4 


None 


0 


0 


Qtiailrf write request to biiual 

Mernory Space 

NodOd* ooooo. 0O00O0O<» 

de$t_a<ddr < 

Ncdejd, FFTFE, 0000000 


Foxm &*bix master byns (order is 0,1*23) 
A(I1 :0] = dest addr(20:31] + a 
D[7:01 * byte n ofquadlet_data[tk3LJ 


J 
2 
1 


If Write_R«p_En is not set, no 
write response, 
tf Write_Resp_Ea is set. Writ* 
response uu last CAZ 

Wrile response is concatenated if 

Write Reap Cat is sat. 


I 


l 


Chradk* nvritc request to Initial 

M*rnury Space 

Mode_Sd. 00000. CO0OD0O <~ 

de*t adrfr < 

Nodejd. FFFFE. 0000000 


16-bit slaw mode 
Fist Access 

Af?:0] = qoadfat data[0t7] 
D]7:Oj a quadtet_data(S:l 5) 
Second Access 
A[7i0] = quadlet ttiU[16:23J 
= quadlet datar24:3Ll 


1 
1 


If Write Kcsp rii is not jet no 
write response. 

If Write Rcsp En i» «t. Write 
response on last CAZ 
Write response is concatenated if 
Wri«e_R*sp_Grt is set* 


] 


1 


Block write request to Idtral 
Memory Space 
Node_ld.00O0Q 0Q0OMO<= 
dest_addi < 

Nod«_id, FFFFE» 0000000 


1 -6-bit slave mode, data read from hast 
interface until CAZ indicate* Jut data. 
First Access 

A( 7:0| = quadlel_data{0:7J 

D[73DIJ» quadfct_data[S:I5j 

Second Access 

A[7£l] at quadlet d*ta[lf*23] 

E>l7jD] m qnadlet^data[24i31J 

Subsequent Accesses 

A|7£>] a? next cuad]«r._data[0:7} 

D!7d(>l - n«t quadlet datar8:L5] 


I 
2 
1 


IS WriJeJUsp^En is not set do 
write response 

rf Write_Resp_En is set. Write 
response on last CAZ 
Write response is concatenated if 
Write_ Kesp.Cat is set. 


1 


2 


Quadlet or block write request to 
initial Memory Space 
Nndejd. O0O0O. 0000000 <= 
dest addr< 

Node id. FFFFTt, 0G00G0O 


None 


4 


Nou* 


J 


0 


Qustfletread request to Initial 
Memory Spacs-. 
Nodcjd, oaooo, 0000000 
dest addr< 

Node icLFFFFE. D0QO000 


Four S-brt m aster byte reads (order is 0. L2-3) ! 
Aill:0J a dest_addrf2fl:3l] + n 
J>(7:D]« bjftc n of qu«fltf_datap*31] 


2 
1 


Read response m last CAZ. 
Read response is concatenated i£ 
Read_R«sp_Cat Is set- 


1 


1 


Ouadlet read request to Initial 
Memory Spaca 
Nod«_id. 00000. 0000000 <- 
dest addr -< 

Nodejd. FFFFH 0000000 


16-bit slave mode 
First Access 

A[7HJ] = quadlct data[0:7J 

D[7H7] = qtHdlet~d*ta[S:15I 

Second Acotss 

A[7:0] = quadlet d a ta[l6:23] 

D[7fi]=qtiad]et_dab»[i4t3l3 


2 


Read response on last CAZ. 
Read response is concatenated if 
Read_R«p_Cat is set 


I 


1 


Block read request to initial 
Memory Spacs 
Nodejd, 0CO00. 0000000 <= 
drst_addr < 

Node Jd. FFFFE. 0C00O0O 


16-bit slave mode, data read from host 
niterW until CAZ indicate last data. 
First Access 

A[7 A \m quadlet dataf0:7] 

D[7:0] - quadlet_data(g;l5] 

Second Access 

A[7:0] = quadlet dataj 16:23] 

D[7H5J - quadtetldataf 24:31] 

Subsequent Accesses 

A[7i0] = next quadlet dataf0:71 


1 

2 
1 


If Wiile_Resp En is not set no 
write response. 

If Write Resp Er is set Write 
response on last CAZ 
Write responjc is concatenated if 
Wriie_R«sp_Cat is set 


1 
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Df7:0, - next wadlet data|8:15| 










Quadlec of block read request to 
In It ral M oikocy 5 pscc 
Nod* id,OQOO0.CGQOO00« 
dert addr< 

Nod* FFfFE. 0000000 


None 


A 


None 


] 


0 


Qiadlet write fequestto Eternal 
CSR 

(ivode 10, rt-rrr.WWUw 
destad dr <= Node J d, 
FFFFRFFFFFFF) and des_addr 
not in set internal rtpstcn. 


Four S bit masse/ byte writes [order is GJ.iJ) 
A{1 1:0) = d«t_addrp0tJll + t, 
D{7:0] - byte a of tru»dlet_data[03 1] 


1 
2 
I 


If Writ*_ReSp^En is no! set. no 
write response. 

irWrlteKespJBn (s set. Write 
response on last CAZ 

Write response is concatenated if 
Wdw Reap GitUset, 


2 




QuadJet write request to External 
CSR 

(No<fe Jd. FFFFF,0000000 <- 
d«t_add t <= Nodejd. 
FFFFF,FFFFFFF> and dest_addr 
ao< in set of internal register*. 


None 


A 


Now 


! 2 


0 


Quadl«t rtad request to External 
CSR 

(Node_id FFFFFjOOOOOOO 
c«t_addr «c= Nod_id, 
FFFFFJTFFFFF) and deslyftJr 
not in set of internal registers 


Four 8^bit master byte re-ad a (order i* tU.2.3) 
A|ll :0J = dest addrfOTtfl ] + n 
D(7£>] = byte n of 4uadlet_data(Di3 1] 


2 
1 


R<--»d response on tast CaZ, 
Read response is concatenated if 
Read_Resp_Cat is sei. 


2 


u 


Quadlet rtad request to External 
CSR 

(Nod ejd FFFFF^OOOOOO <- 
dc3t_addr<» N«i?Jd. 
fFFFI-JTFFFFF) and desl_addr 
not in set of internal renters. 


None 


4 


None 


t 


0 


Ouadlct tvriiit request to tatemal 
CSR 

(Npd*_id, f*FFFF t 0O00OOO 
dest_addf<= Node_Ld, 

FFFFF.FFFFFFF) and dest_addrm 

set of internal refiktetr* 


If C5RJWR_ECHO bit n set. foui 8-bit master 
byte writes (order is 0,1.23) 
AJ11:C] - de*t_&ddr[2&31] + a 
Dp^JJ = byte a of quadler._dalalD-.3lJ 
If CSR WR ECHO bh Is not «*t. no hast 


1 
1 


If Write_Resp_En is not set. no 
write response. 

If Write Resp En is set. Write 

response on East CAZ 

Write response is concatenated if 


3 


U3 


OuadJetwrile request to Internal 
CSR 

(Node id.FFFFF.0O000O0<a 
dest_addr<^Node_id, 
FrTFRFFFFFFF) andd«t_add* n 
3d uf Lutciml icpistfrs. 


None 


4 


None 


3 


0 


Quadletread request t<; Internal 
CSR 

(Node n, rrrrr.OOOODCO <= 
dwUddr <= Nodejd. 
FFFFFJTFFFFF) and diat uddr in 
set of internal registers. 


None 


2 
I 


Read rwpansB on last CAZ. 
Read response is concatenated if 
Read_Resp_Cat it set. 


3 


1-2 


Quad let read request to Internal 
CSR 

(Nod e _id. r-'r-'t-hr-.CXXHJXJCi <■= 
dest_addr ct= Nade_*4. 
FFFFF+FFEFFFF) «nd d«t_addr in 
set of internal re^isters. 


Nona 


4 


None 


3 



Each of the four modes of operation is described in detail in the sections below. 

Asynchronous Receive 

5 In Microcontroller Emulation Mode, AADEC [1:0] - 0, controller 200 sources 

8-bit Write and Read transactions on its host interface in response to Serial Bus Write 
or Read request transactions to CSR Micro_M_Reg. A Write request to 
Micro_MJReg causes controller 200 to perform a Write transaction on its host 
interface with Address Am and Data Dm. The Least Significant Byte of the data 
10 written to Micro_M_Reg is asserted on D[7:0] and the next to least significant byte is 

asserted on A[l 1:0]. CSZ, CAZ, WEZ, AADEC, and HTYPE are part of the 
transaction with timing described in FIGURE 17. A Read request to Micro JMMReg 
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causes controller 200 to do a Read transaction on its host interface. When the Read is 
acknowledged with CAZ, controller 200 will transmit a Read response. If CAZ 
occures within .9 microseconds of CSZ, the read response will be concatenated to the 
corresponding request acknowledge. Only one outstanding Read request is allowed. 
Timing for this operation is illustrated in FIGURE 18. 

In Memory Mode, AADEC[1:0] = 1, controller 200 services Serial Bus quadlet 
or block Read or Write requests addressed to the node's Initial Memory Space using 
an 8-quadlet internal FIFO. Host interface to FIFO transfers are either 8-bit master 
or 16-bit slave. 

During an 8-bit Master Write Request, a Write request (quadlet or block) to 
Initial Memory Space stores data in FIFO. Controller 200 does byte sized Write 
transactions using A, D, WEZ, CSZ, and CAZ with SRAM like timing shown in 
FIGURE 19. The address asserted on A[11:0] is the 12 LSBs of the destination 
address of the Write request. 

During an 8-bit Master Read Request, controller 200 receives a Read request to 
Initial Memory Space and does byte sized transactions using A, D, WEZ, CSZ, and 
CAZ to Read data into the FIFO. When Read to FIFO is complete, controller 200 
transmits a Read response. The timing for this operation is shown in FIGURE 20. 
The address asserted on A[11:0] is the 12 LSBs of the destination address of the Read 
request. 

During a 16-bit Slave Write Request, a Write request (quadlet or block) to 
Initial Memory Space stores data in the FIFO 219. Data is then read from the FIFO 
219 by an external agent using {A[7:0],D[7:0]} as a 16-bit data bus. REZ indicates 
that a Write request was received and that data is available in the FIFO. CSZ is used 
to indicate that the external master is ready to receive data. Each time data is clocked 
out of controller 200, an interna] doublet FIFO pointer is incremented. When the 
internal doublet pointer equals requested data length, CAZ is used to indicate the last 
data and a Write response is transmitted. The liming tor this operation is shown in 
FIGURE 21. 
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In a 16-bit Slave Read Request, when controller 200 receives a Read request to 
Initial Memory Space, response data must be written into the FIFO 219 using 
{A[7:0],D[7:0]} as a 16-bit data bus. WEZ indicates that a Read request was 
received and that space is available in the FIFO. CSZ is used to indicate that the 
external master is sourcing data. Each time data is clocked into controller 200, an 
internal doublet FIFO pointer is incremented. When the internal doublet pointer 
equals requested data length, CAZ is used to indicate the last data and a Read response 
is transmitted. The timing for this operation is shown in FIGURE 22. 

In the External CSR mode, with AADEC[1;0] = 2, Write requests and Read 
requests to registers in Initial Register Space and Initial Unit Space not contained in 
controller 200 are serviced using a byte sized SRAM like transaction the same as that 
for the 8-bit Master Memory Mode. 

In the Internal CSR mode, with AADEC[1:0] = 3, Write requests and Read requests to 
registers in Initial Register Space and Initial Unit Space that are contained in controller 
200 are performed internally without activity on the host interface unless the 
CSR_WR_ECHO bit is set. In this case, a quadlet Write request results in the 
quadlet being echoed on the host interface using a byte sized SRAM like transaction 
the same as the 8-bit Master Memory Mode. 

Asynchronous Transmit 

Controller 200 can be programmed to transmit asynchronous Write requests 
automatically at regular intervals or manually. Only Write requests for data quadlet 
and data block formats are supported. In the automatic (or Sensor) mode, the host 
interface in 8-bit master mode reads 1 to 8 quadlets of packet data into the FIFO 219. 
This mode is store-and-forward and the amount of data read is determined by the 
datajength field in T_Control_Reg3. This Read starts at the Sensor_Prefetch_jEvent. 
Controller 200 then prepends an asynchronous header to the packet using information 
in T_Controi_Reg(0:3) and then transmits the assembled asynchronous Write request 
at the Sensor_Transmit_Event. The SensorJPrefetch_Evenl can be programmed to 
occur on either internal or external events using the Sensor__Prefetch_Evenl_Select 
field of T_Control_Reg0: 
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Sensor_Prefetch_Event_Select options: 

1. Sensor prefetch disabled 

2. Internal Cycle Start 

3. Internal Cycle Done; and 

4. External Rising Edge of TEVENT pin. 

The Sensor_Transmit_Event can also be programmed to occur on similar 
events using the Sensor_Transmit_Event_Select field of T_Control_RegO: 

Sensor_Transmit_Event_Seiect options: 

1. Sensor transmit disabled 

2. Internal Cycle Start 

3. Internal Cycle Done 

4. External Falling Edge of TEVENT pin 

In the manual asynchronous transmit mode, the host interface in 16-bit slave 
mode is used to load quadlet or block data into the FIFO 219. This mode is flow- 
through and transmit pipelining can occur. When the amount of data loaded into the 
FIFO reaches the TxJThreshoId or the Manual_Transmit_Event occurs, controller 200 
will prepend an asynchronous header to the packet using information in 
AT_Control_Reg(0:3) and begin transmitting a Write request. The external host 
interface master must keep pace with the transmit rate or FIFO under run will occur. 
Flow control is provide to manage FIFO overrun. This is illustrated in the timing 
diagram in FIGURE 21. 

The Manual_Transmit_Event can be programmed to occur using the 
Manual_Transmit_Event_Select field of T_Control_RegO: 

Manual_Transmit_Event_Select options: 

1. Internal Cycle Start 

2. Internal Cycle Done 

3. Manual_Transmit__Event bit set to one 
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4. External Falling Edge of TEVENT pin 

The four transmit control registers have a plurality of fields, the fields being 
illustrated in FIGURE 14. The definition of these fields is set forth in the following 
5 Table 5. 



Table 3: T Control _Reg(0:4) Field Definitions 



Field Mnemonic 


Field Width 


Field Description | 


STF.S 


2 


Sensor Transmit Fvent Select 


SPES 


2 


Sensor Prefetch Event Select 


MTES 


2 


Manual Transmit Event Select 


MTE 


1 


Manual Transmit Event 


fl 


6 


transaction label 


rt 


2 


retry code 


tcode 


4 


transaction code 


pri 


4 


priority 


destination ID 


16 


address 


destination offset Lo 


16 


address 


destination offset hi 


32 


address 


data length 


16 


data length, used for asynchronous and isochronous transmits 


DMEN 


2 


Data Mover Enable 

00 = Automatic asynchronous mode 

01 = Manual asynchronous mode 

10 - Automatic isochronous mode 

11 = Manual isochronous mode 


Tx_Threshold 


2 


Transmit threshold 

00 = 2 quadlets (8 bytes) \ 
01 = 4 quadlets (16 bytes) 
10=6 quadlets (24 bytes) 
11 = 8 quadlets (32 bvtes) 


tag 


2 


iso header tag 


channel 


6 


iso header channel number 


sy 


4 


iso header syficrorii2ation bits 



10 Isochronous Transmit 

Controller 200 can be programmed to transmit isochronous data block packets 
in much the same way as asynchronous transmits, described hereinabove. When the 
DMEN field of T__ControI_Reg4 is set to Automatic or Manual Isochronous mode, 
controller 200 will function identically to asynchronous transmit mode except that an 

15 isochronous header will be prepended to the packet using information in 

T_Conlrol_Reg3 and T_ControlJReg4- 

Host CSR Access 
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Asserting {10} on HTYPE[1:0] puts controller 200*s host interface in CSR 
access mode. In this mode, the host Interface functions as a slave. Internal CSR 
registers can be written to or read from. Address A[11:0] is used to address the 
internal 4K CSR space. Cycle Start (CAZ) is an input used to start the transaction. 
Write (WEZ) is an input used to indicate Write or Read Cycle acknowledge. (CAZ)-is 
asserted by controller 200 to end the transaction. The timing for this operation is 
illustrated in FIGURE 15. 

Referring now to FIGURE 16, there is illustrated a diagrammatic view of the 
controller 200 illustrating the various address, data and control pins on the host 
interface side and the various interfaces with the physical link layer 54. It can be 
seen that there is provided a 12-bit address bus for the bus 204 and an 8-bit data bus 
for the bus 206. Table 4 illustrates the various terminal functions. 



Table 4: Terminal Functions 



Signal Name 


Pin# 


I/O 


Description 


A[11:0] 




I/O 


Address in 8-bit Master and CSR access Host Interface mode. 


D[7:0] 




I/O 


Data in all Host Interface modes. 


csz 




I/O 


Output Cycle Start/Chip Select in 8-bit Master mode. 
Input Cycle Start in CSR access mode 


CAZ 




I/O 


Input Cycle Acknowledge for 8-bit Master transactions. 
Input Write or Read strobe for 16-bit Slave transactions. 
Output Cycle Acknowledge for CSR access mode 


WEZ 




I/O 


Output Write indication for 8-bit Master transactions. 
Input Write indication for CSR access mode 


REZ 








HCLK 




o 


Host Clock, Programmable using HCLK SEL 

00 = SYSCLK 

01 ~ SYSCLK/2 
10 = SYSCLK/4 
ll=SYSCLK/8 


AADEC[1:01 




o 


Asynchronous Address Decode 

00 = Microcontroller Emulation, Decoded CSR address 
Micro_M_Reg. 

01 » Memory, Decoded Initial Memory Space 

10 = External CSR, Decoded Register Space not in controller 200 

11 = Internal CSR, Decoded Register Space in controller 200 


HTYPE[1:0] 




I 


Host Interface Type 
00= 8-bit Master 

controller 200 asserts A (address), CSZ, and WR, 
D (data) is bidirectional depending cm WRZ. 
External agent uses CAZ to acknowledge transaction. 
01 = 16-bit Slave 
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Implied address 

Auto S-f^ni lp-nrf 

10 = CSR access mode 

In this mode, the host interface functions as a slave. Read and Write 
transactions can be accomplished using A, D, CSZ, CAZ, and WRZ to 
access the 4K CSR space. 


TEVENT 




I 


Rising edge triggers Se us or_Pre tch_Event 
Falling edge triggers Sensor_Transmit_Event or 
Manual Transmit Event. 


D[0:1] 




I/O 


Data 0-1 of the phy-link data bus. Data is expected on D[0:1] at 100 
Mb/s. DrOlisMSbit 


crqo:i] 




I/O 


Control 0-1 of the phy-link control bus. CTL[0] is MS bit. 


LREQ 




o 


Link request to Phy. This output is used to make bus requests and to 
access the Phy registers. 


SYSCLK 




I 


System Clock. This input is a 49. 152 Mhz from the Phy. 



Referring now to FIGURE 17, there is illustrated a timing diagram for the 
operation wherein a quadlet Write request was received in the asynchronous mode for 
interfacing with the host. A Write request is received, as illustrated by block 300. 
After a short propagation from the rising edge of the clock HCLK, CSZ falls low, 
indicating the output cycle start/chip select operation. Both the data and the address 
are decoded and placed onto the address and data buses, and the WEZ line also goes 
low with the CSZ line, indicating an output Write operation. The AADEC line is set 
to "0" during this period. While CSZ and WEZ are low, an acknowledgment is sent, 
followed by a Write response. 

Referring now to FIGURE 18, there is illustrated a timing diagram wherein the 
quadlet Read request is serviced. The CSZ line will go low after a short delay, 
followed by the CAZ going low, the CAZ indicating an Input cycle acknowledge 
signal for the input-master transaction. This will be acknowledged to the master, and 
the address for the Read operation will be placed onto the bus when CSZ goes low, 
and then data will be placed onto the bus from the peripheral device from the CAZ 
going low. This data will then be stored in the FIFO 219 and sent to the requesting 
end as the response. 

Referring now to FIGURE 19, there is illustrated a timing diagram for the 
operation wherein a quadlet Write request has been received in the memory mode. 
These are block Read or Write requests addressed to the node's initial memory space 
using the internal FIFO 219. This is similar to SRAM timing in that the block of data 
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will be sequentially processed going low, rising high, and then falling low for three 
more cycles. This will result in four addresses and associated data being received 
and written. 

Referring now to FIGURE 20, there is illustrated a timing diagram depicting a 
Read request in the memory mode. This operates similar to that described 
hereinabove with reference to FIGURE 19, with the exception that it will be repeated 
four times, since this is a Read request to initial memory space with byte sized 
transactions being performed. The appropriate Read response is sent after the FIFO 
219 has been filled 

In summary, there has been provided a link/transaction layer controller that 
incorporates therein a microcontroller emulator* This microcontroller emulator 
allows the link/transaction layer to incorporate the operation of a microcontroller 
therein such that a transmitting node can virtually address the address space of the 
peripheral device to transmit data thereto during a Write operation and read data 
therefrom during a Read operation without having to go through a separate 
microcontroller and the necessary interface transactions. Therefore, the remote 
transmitting node can directly control the location that is accessed and essentially 
perform some of the microcontroller operations at the requesting node. 

Although the preferred embodiment has been described in detail, it should be 
understood that various changes, substitutions and alterations can be made therein 
without departing from the spirit and scope of the invention as defined by the 
appended claims. 
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WHAT IS CLAIMED IS: 

1. A serial bus interface disposed on a local node for interfacing between a 
serial bus and a host system and for receiving information from the serial bus placed 
thereon by a remote node and transferring this received data to the host system, and 
receiving information from the host system and transferring the received information 
to the serial bus for reception by the remote node, comprising: 

a data receiver for receiving data generated by the remote node from the 

serial bus; 

a data transmitter for transmitting data to the serial bus for receipt at the 

remote node; 

a plurality of registers, at least one of said registers addressable by the 
remote node for storage of received data therein; 

said data receiver operable to store received data in said at least one 
register during a Read operation; 

said data transmitter for transmitting data to said serial bus during a 
Write operation; and 

a host bus interface for interfacing directly with a host bus on the host 
system, said host bus interface for transferring data stored in said at least one register 
to the host bus during a Write operation when the data is received and stored in said at 
least one register and retrieving data from the host bus during a Read operation. 

2+ The serial bus interface of Claim 1 ? wherein said serial bus interface 
includes a standard register space, wherein said at least one register occupies a portion 
of said standard register space. 

3. The serial bus interface of Claim 1, wherein select ones of said plurality 
of registers are dedicated to storage of standard bus interface information and wherein 
a remote node can directly address said plurality of registers associated with said 
standard bus interface information for access of said information therefrom and 
wherein said data receiver is operable to recognize a request for access to one of said 
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plurality of registers and said data transmitters are operable to transmit the contents 
thereof when addressed. 

4. The serial bus interface of Claim 3, wherein select ones of said plurality 
of registers comprise configuration registers which said configuration registers are 
utilized for configuration information that define the operation of the serial bus 
interface such that a remote node can program the operation of the serial bus interface 
by accessing one of said configuration registers. 

5. The serial bus interface of Claim 1, wherein data received by said data 
receiver comprises data packets and data transmitted by said data transmitter 
comprises data packets, said data packets comprising information necessary to identify 
the transmitting node on the serial bus and the content of said data packet and 
information identifying the remote node designated to receive the data packet. 

6. The serial bus interface of Claim 5, wherein each data reception or data 
transmission operation is preceded by a data request, a Write request or a Read request, 
respectively, from the remote node, which requests are contained in said received data 
packet, said received data packet associated with a Write request containing the data 
associated therewith, which data is stored in said at least one register and said host 
interface recognizing the Write request and transferring said data stored in said at least 
one register to the host bus, and in a Read request, said host interface recognizing the 
said Read request and accessing the data from the host system for transfer to the 
remote node with said data transmitter. 

7. The serial bus interface of Claim 6 ? wherein said Write request from the 
remote node includes both address and data information for storage in said at least one 
register and wherein said host interface is operable to transmit both the address 
information and the data information to the host bus, the host bus having an address 
bus and a data bus. 

8. The serial bus interface of Claim 6, wherein said Read request from the 
remote node includes an address which is stored in said at least one register and said 
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host interface is operable to transmit said address to the host bus upon recognizing a 
35 Read request, the host bus having an address bus and a data bus, and retrieving data 

from the data bus for transmission to the remote node by said data transmitter. 



40 
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9. A method for interfacing between a serial bus and a host system on a 
local node and for receiving information from the serial bus placed thereon by a 
remote node and transferring this received data to the host system, and receiving 
information from the host system and transferring the received information to the 
serial bus for reception by the remote node, comprising the steps of: 

receiving with a data receiver data generated by the remote node from 

the serial bus; 

transmitting data to the serial bus for receipt at the remote node; 

providing a plurality of registers, at least one of the registers 
addressable by the remote node for storage of received data therein; 

said data receiver operable to store received data in said at least one 
register during a Read operation; 

said data transmitter for transmitting data to said serial bus during a 
Write operation; and 

a host bus interface for interfacing directly with a host bus on the host 
system, said host bus interface for transferring data stored in the at least one register to 
the host bus during a Write operation when the data is received and stored in the at 
least one register and retrieving data from the host bus during a Read operation. 

10. The method of Claim 9, wherein the serial bus interface includes a 
standard register space, wherein the at least one register occupies a portion of the 
standard register space. 

11. The method of Claim 9, wherein select ones of the plurality of registers 
are dedicated to storage of standard bus interface information and further comprising 
directly addressing by a remote node the plurality of registers associated with the 
standard bus interface information for access of the information therefrom and wherein 
the step of receiving is operable to recognize a request for access to one of the plurality 
of registers and the step of transmitting is operable to transmit the contents thereof 
when addressed. 

12. The method of Claim 11,. wherein select ones of the plurality of 
registers comprise configuration registers which configuration registers are utilized for 
configuration information that define the operation of the serial bus interface such that 
a remote node can program the operation of the serial bus interface by accessing one of 
the configuration registers. 

13. The method of Claim 9, wherein data received by the step of receiving 
comprises data packets and data transmitted by the step of transmitting comprises data 
packets, the data packets comprising information necessary to identify the transmitting 
node on the serial bus and the content of the data packet and information identifying 
the remote node designated to receive the data packet. 
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14. The method of Claim 13, wherein each data reception or data 
transmission operation is preceded by a data request, a Write request or a Read request, 
respectively, from the remote node, which requests are contained in the received data 
packet, the received data packet associated with a Write request containing the data 

90 associated therewith, which data is stored in the at least one register and the host 

interface recognizing the Write request and transferring the data stored in the at least 
one register to the host bus, and in a Read request, the host interface recognizing the 
Read request and accessing the data from the host system for transfer to the remote 
node in the step of transmitting, 

95 

15. The method of Claim 14, wherein the Write request from the remote 
node includes both address and data information for storage in the at least one register 
and wherein the host interface is operable to transmit both the address information and 
the data information to the host bus, the host bus having an address bus and a data bus. 

100 

16. The method of Claim 14, wherein the Read request from the remote 
node includes an address which is stored in the at least one register and the host 
interface is operable to transmit the address to the host bus upon recognizing a Read 
request, the host bus having an address bus and a data bus, and retrieving data from the 

105 data bus for transmission to the remote node by the data transmitter. 
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LINK/TRANSACTION LAYER CONTROLLER WITH INTEGRAL 
MICROCONTROLLER EMULATION 



1 Abstract 

ABSTRACT OF THE DISCLOSURE 

An IEEE 1394 seria] bus (58) is interfaced utilizing a physical layer (54) to 
extract the data and a link/transaction layer controller (200) to interface the data from 
the physical layer (54) to a host system. The host system consists of a peripheral 
device (210) which is interfaced with various host buses (202). The link/transaction 
layer controller (200) is operable to emulate the microcontroller function such that 
addresses can be transmitted to the peripheral device (210) along with data, such that a 
remote node can access the peripheral device (210) by transmitting address and data 
information thereto. Alternatively, address and data information can be transmitted 
from the peripheral device (210) to the controller (200) which will process the received 
address and data and transmit it to a remote node. 

2 Representative Drawing 
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